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ABSTRACT 
Plantago ovata Forsk. (Isabgol) is an important medicinal crop, having a long history 
of uses throughout the world. In India, the use of isabgol is as old as the Ayurvedic system of 
medicine. It is used in Allopathic, Ayurvedic as well as in Unani system of medicine since 
long time orally as well as externally.  
Despite lots of effort to improve the yield and quality of isabgol, there has been only 
limited success, due to the lack of sufficient genetic variability. Therefore, in the present 
study attempts have been made to evaluate the genetic variability for various quantitative 
traits and increase the yield potential of the crop by isolating promising mutants along with 
the study of other cyto-morphological effects following mutagenesis with individual and 
combination treatments of ethyl methane sulphonate (EMS) and gamma rays (γ rays) in M1, 
M2 and M3 generations of two varieties of isabgol i.e., var. Mayuri and var. Niharika. A total 
of 16 mutagenic treatments (6 each for individual treatments of EMS i.e., 0.1%, 0.2%, 0.4%, 
0.6%, 0.8%, 1.0% and gamma rays i.e., 15kR, 30kR, 45kR, 60kR, 75kR, 90kR and 4 
combination treatments i.e., 45kR+0.1%, 45kR+0.2%, 45kR+0.4%, 45kR+0.6%) selected on 
the basis of their LD50 values, were used for the studies. The various aspects of the present 
study were: 
1. To study the effect of different mutagenic treatments on various biological parameters in 
M1, M2 and M3 generations. 
2. To investigate the meiotic behaviour of chromosomes after various mutagenic treatments 
in M1, M2 and M3 generations. 
3. To estimate the frequency and spectrum of induced chlorophyll and morphological 
mutations in M2 generation. 
4. To compare the effectiveness and efficiency of mutagens in M2 generation. 
5. To determine the magnitude of genetic variability induced by mutagens in various 
quantitative traits in M1, M2 and M3 generations and their possible effect on the scope for 
improvement through selection. 
6. To enhance the yield potential by isolating promising lines in M2 and their evaluation in 
M3 generation with cytological studies. 
7. To evaluate the quality parameters like husk content, swelling factor and mucilage 
content in isolated promising mutant lines. 
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Significant findings of the study are summarized below: 
Various biological parameters i.e., seed germination (laboratory and in field), 
seedling height, pollen fertility and plant survival showed a dose dependent trend with the 
increasing concentrations/doses of the mutagens with the maximum inhibitory effects of 
combination treatments in both the varieties of isabgol. In case of individual mutagenic 
treatments gamma rays treatments showed more inhibitory effects than the EMS treatments 
for all the parameters except for seed germination and plant survival in var. Mayuri, for which 
the reverse was true. The gradual recovery was noticed in these biological parameters in M2 
and M3 generations as compared to M1 generation. Var. Mayuri was found to be more 
sensitive to the mutagenic treatments than the var. Niharika on the basis of the biological 
damage induced. 
 Cytological investigations of the treated population in M1, M2 and M3 generations 
revealed various types of chromosomal aberrations in two varieties of isabgol, such as 
univalents, multivalents, secondary association, stickiness, precocious separation, stray 
bivalents, forward chromosomes, unorientation, fragments, laggards, bridges, non-
synchronisation, unequal separation, disturbed polarity, multipolarity, tripolarity, micronuclei, 
multinucleate condition and cytomixis at various stages of cell division. The frequency of 
meiotic aberrations increased with the increase in concentrations/doses of the mutagens in 
both the varieties. Combination treatments were found to be most effective in inducing the 
maximum frequency of chromosomal aberrations followed by the gamma rays and EMS in 
M1, M2 and M3 generations. Generally, the frequency of meiotic aberrations was more at 
metaphase stages followed by the anaphase and telophase stages. The percentage of meiotic 
aberrations decreased gradually in the subsequent generations as compared to M1 generation 
and var. Mayuri was more sensitive as compare to var. Niharika in this regard. 
The spectrum of different chlorophyll mutants in two varieties of isabgol in M2 
generation includes xantha, striata, chlorina and virescence type of mutants, with the highest 
frequency of xantha and the lowest of virescence. Among all the chlorophyll mutants, xantha 
was always lethal (sometimes chlorina and striata also), while virescence was always viable 
and sets seeds normally. Chlorina and striata, whenever survived had low seed yield. The 
frequency of chlorophyll mutations was dose dependent and increased with the increasing 
concentrations/doses of the mutagens. Combination treatments induced the maximum 
frequency of these mutations followed by EMS and gamma rays in both the varieties. Var. 
Mayuri showed more chlorophyll mutations than the var. Niharika indicating its more 
sensitivity to mutagenic treatments. 
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Mutagenic effectiveness was calculated on the basis of chlorophyll mutation 
frequency in M2 generation and did not show any particular increasing or decreasing trend 
with the mutagenic treatments. EMS treatments showed the highest effectiveness followed by 
gamma rays and combination treatments in both the varieties of isabgol. Var. Mayuri showed 
high effectiveness than var. Niharika. 
Mutagenic efficiency was determined on the basis of five different criteria i.e., 
inhibition in seed germination (Mf/R), seedling injury (Mf/I), lethality (Mf/L), pollen sterility 
(Mf/S) and meiotic aberrations (Mf/Me). In both the varieties, like mutagenic effectiveness 
mutagenic efficiency also, did not necessarily show dose dependent increase or decrease in 
mutagenic treatments and seemed to be varying depending upon the criteria selected for its 
estimation. Lower concentrations/doses of mutagens, in general, showed high efficiency 
values with few exceptions in individual and in combination treatments. Gamma rays 
treatments showed higher efficiency than EMS and combination treatments on the basis of 
Mf/R and Mf/L and in this regard the order of mutagens was γ rays > EMS > γ rays+EMS in 
var. Mayuri, while on the basis of Mf/I and Mf/Me the order of mutagens was EMS > γ rays > 
γ rays+EMS and on the basis of Mf/S the order of mutagens was EMS > γ rays+EMS > γ rays 
in var. Mayuri.  In var. Niharika mutagenic efficiency, estimated on the basis of all selected 
criteria, was higher in EMS and the order of mutagens was EMS > γ rays > γ rays+EMS 
except for the Mf/S for which the order of mutagens was EMS > γ rays+EMS > γ rays. From 
the results, it is concluded that EMS was the most effective as well as efficient mutagen, when 
efficiency was estimated on the basis of seedling injury, pollen sterility and meiotic 
aberrations in var. Mayuri, while with respect to inhibition in seed germination and lethality, γ 
rays was found to be most efficient mutagen in this variety, whereas, in var. Niharika EMS 
was noticed to be most effective as well as efficient mutagen, with regard to all the criteria 
selected for the estimation of mutagenic efficiency. 
 The coefficient of interaction for various biological parameters in M1, M2 and M3 
generations and chlorophyll mutation frequency in M2 generation revealed less than additive 
effects. However, synergistic or more than additive effects were also obtained at the highest 
combination treatments for some biological parameters in different generations. 
 A wide range of morphological mutations affecting plant height, growth habit, leaf 
morphology, spike morphology, growth period and yield were identified in M2 generation. 
The frequency of these morphological mutants was higher in var. Mayuri as compared to var. 
Niharika. Among all the mutant types, mutations affecting spike morphology appeared more 
frequently followed by yield in both the varieties of isabgol with the single exception of 
combination treatments in var. Mayuri, where plant height mutations occurred with maximum 
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frequency after spike morphology mutants. EMS treatments induced the maximum frequency 
of morphological mutations followed by the combinations and gamma rays in two varieties. 
 Attempts were made to ascertain the effects of different mutagenic treatments on 
mean and coefficient of variation on various quantitative traits viz., days to flowering, plant 
height (cm), days to maturity, number of tillers per plant, number of spikes per plant, spike 
length (cm), 1000-seed weight (g) and seed yield per plant (g) in M1, M2 and M3 generations 
in two varieties of isabgol. For all the quantitative traits mean was shifted in both positive as 
well as negative directions in M1 generation. However, positive shifts, in general, were more 
pronounced at the lower and intermediate concentrations/doses of the mutagens except for 
days to flowering and days to maturity where the reverse was true, while in case of plant 
height a negative shift was found in all the mutagenic treatments in both the varieties. The 
shift in mean was coupled with increasing variability among the treated population measured 
in terms of coefficient of variation.   
 In M2 and M3 generation the mean values for these quantitative traits increased 
further in most of the mutagenic treatments leading to a significant positive shift for most of 
the traits under study (except for days to flowering and days to maturity where the situation 
was just reverse) resulting in boosting the seed yield per plant in the treated populations 
associated with increased variability. However, the negative shifts at higher treatments were 
also found to be significant in most of the cases. The extent of variability induced by the 
mutagenic treatments varied from trait to trait in M1, M2 and M3 generations in two varieties 
of isabgol.  
 Total 16 mutants lines (8 from var. Mayuri namely, Ma-A, Ma-B, Ma-C, Ma-D, Ma-
E, Ma-F, Ma-G and Ma-H and 6 from var. Niharika namely, Ni-A, Ni-B, Ni-C, Ni-D, Ni-E 
and Ni-F) were isolated in M2 generation on the basis of their yield performance and then 
evaluated in M3 generation. A considerable increase in the mean values for tillers per plant, 
spikes per plant, spike length and 1000-seed weight were noticed in the isolated mutants in 
M3 leading to a significant increase in the mean values for seed yield per plant. Increase in 
mean values for different quantitative traits in the isolated mutants was coupled with increase 
in variability for these traits, indicating possibilities for further improvement. Increase in 
tillers per plant and spikes per plant played significant role in boosting the seed yield to such 
extent in isolated mutants in M3 generation and thus consider to have a high selection value 
and breeding significance.  
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All the quality parameters such as husk content (g), swelling factor (ml/g) and 
mucilage content (mg) showed a significant improvement over their respective controls in all 
the selected mutants with some exceptions. Coefficient of variation for these parameters also 
showed quite increase in different mutant lines suggesting that the improvement of these 
parameters through induced mutagenesis may sometimes be possible further. No correlation 
was observed among these parameters. However, husk content was directly correlated with 
the seed yield, but swelling factor and mucilage content did not show any correlation with 
seed yield. Cytological investigations of isolated mutants showed more or less similar meiotic 
aberrations as observed in the treated population of two varieties in different generations but 
in very less frequency. The present attempts with respect to isolation of high yielding mutants 
with improved quality parameters have been remarkably successful and it is an important 
achievement of this study. 
 From the results it reveals that morphological variations observed in the present study 
were due to the effect of mutagens at chromosomal or genic level leading to the physiological 
disturbances in metabolic activities or growth regulators (auxins and cytokinins) following 
mutations at DNA level. It can be presumed that wherever enzymes are involved there must 
be the involvement of genes, as the genes are expressed in the forms of proteins and enzymes. 
If there is any alteration at genic or base level, the mutation is detected. The occurrence of 
cytological irregularities clearly indicated that the mutagens have genotoxic effects and the 
mutants which survived after going through these stages were true genic mutants. With 
respect to quantitative traits, mutations have resulted in a significant increase in the mean 
values for these traits associated with increase in variability.  
In brief, it may be concluded that the lower and intermediate concentrations/doses of 
EMS, gamma rays and their combinations used in the present study were more effective and 
efficient in terms of the induction of morphological mutations as well as to maximize the 
mean values of different quantitative traits contributing towards the yield and thus can be 
exploited for the further selection of superior genotypes with improved quality and 
quantitative characters in Plantago ovata Forsk. Isolated mutants with desired plant 
architecture could be utilized for breaking the yield constraints in this otherwise conservative 
crop and to spread its cultivation away from its traditional areas of cultivation leading to 
increase in productivity.  
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CHAPTER – 1 
INTRODUCTION 
1.1. Medicinal plants: General account 
Man’s dependence on plants for the essentials of his existence has been of paramount 
importance in his life since the human race began. Plants have provided all the medicaments 
to man and his domestic animals, in addition to food, clothing and shelter. The various 
indigenous systems such as Siddha, Ayurveda, Unani and Allopathy use several plant species 
to treat different ailments. With the world at present going herbal, trends at consumer level 
favour the use of natural drugs and remedies considering them more compatible with human 
body without having any harmful side effects when genuine medicinal plants are used. It is 
estimated that currently about 70 - 80% of the world population, mainly in developing 
countries rely chiefly on traditional largely herbal or plant derived medicines to meet their 
primary health care needs (Farnsworth and Soejarto, 1991). An estimated 50,000-70,000 
plants species are used in traditional and modern systems throughout the world. (Chauhan et 
al., 2009)  India is the richest, oldest and diverse source of these medicinal plants and 
officially recognized over 3000 plant species for their medicinal values representing 75% of 
the medicinal needs of 3rd world countries (Shukla, 2007). Medicinal plant diversity is a 
valuable raw material for pharmaceutical industry. Medicinal plants have contributed hugely 
to western medicine, through providing ingredients for drugs or having played central role for 
the development of new drugs. Some drugs having botanical origin are still extracted directly 
from plants, others are made through transformation of chemicals found with them, while yet 
others are today synthesized from inorganic materials, but have their historical origins in 
research into the active compounds found in plants. 
The global demand for herbal medicines and health products is not only large but 
growing continuously in national and international markets. In India, about 7500 plant species 
are used in traditional systems of medicine which offer a great scope of exploiting potential 
for utilization. About 80 species of Medicinal and Aromatic Plants (MAPs) are in commercial 
cultivation in the country on small or large level for extracting their constituents of potential 
medicinal and aromatic importance. Indian Council for Agricultural Research (ICAR) and 
Council for Scientific and Industrial Research (CSIR) are the two major national public 
research organizations, which works through a network of research stations, in order to 
develop improved varieties of some of the medicinal plants. Central Institute of Medicinal and 
Aromatic Plant (CIMAP), a research institute of CSIR, since its establishment has led to the 
development and establishment of 107 improved cultivars in 43 MAPs, out of these 107 
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cultivars, 41 cultivars belong to 20 medicinal plants and 66 cultivars to 23 aromatic plants 
(Chauhan et al., 2009). 
Plantago ovata Forsk. is one of the major medicinal crops having international 
acceptance and industrial significance (Dhar et al., 2005). India is the main supplier of isabgol 
seeds and husk to the world market. In recent years, due to the awareness about its medicinal 
values, its demand is rising day by day in international as well as domestic markets. Although 
the production of isabgol in India is demand driven, it is not as much as expected to meet the 
increasing global demand on account of low productivity.  
 There are various factors responsible for it, the main important ones are; firstly, its 
highly environment sensitive nature due to which in case of adverse climatic conditions the 
crop is affected severely and production declines drastically and secondly, the non-availability 
of high yielding crop varieties. Since, area under cultivation of this crop is not likely to 
increase significantly in the future due to some environmental reasons, the only way of 
increasing the production is to increase the productivity by maximizing plant yield through 
genetic improvement of the crop leading to the development of shatter resistant and superior 
varieties with advanced qualitative and quantitative characters and that can also be grown to 
the other places away from its traditional areas of cultivation, where the cultivation its very 
limited owing to its poor productivity.  
Different breeding methods, namely selection, hybridization, induced mutations or 
mutation breeding, polyploidy and tissue culture have been used for the genetic improvement 
of this plant. But, except selection and /or induced mutations which have led to isolation of 
few varieties, the results of other methods have not been encouraging (Dhar et al., 2005).  As 
P. ovata has a narrow genetic base and lack of variability on account of low chromosome 
number (2n=8), small chromosome size, presence of high heterochromatin in the 
chromosomes, low chiasma frequency and low recombination index and high selfing rate with 
the genome size of 500Mb (Sareen and Koul, 1999; Dhar et al., 2005), the genetic 
improvement of this crop could be possible when there is an increase in the magnitude of 
genetic variability present in the base population and it could be achieved by induction of 
variations through mutation breeding.  
1.2. Mutation breeding 
The means of developing new plant varieties for cultivation and use by humans has 
come to be called plant breeding. In other words, “Plant breeding is the art and science of 
changing the genetics of plants in order to produce desired characteristics”. It can be 
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accomplished through many different techniques ranging from simply selecting plants with 
desirable characteristics for propagation, to more complex molecular techniques.  
Mutation breeding is an important, non-conventional method of plant breeding 
concerned with the induction of mutations in plants through mutagenesis with the help of 
mutagenic agents and their utilization for developing new plant types with superior genomes 
and bio-chemical composition and having better adaptation potentiality in the case where 
large part of natural variability has been eliminated in the process of adaptation to the stress of 
environment. According to Gottschalk (1986) mutation breeding is a well-functioning branch 
of plant breeding that can supplement the conventional methods in favourable manner. It 
produces high frequency and spectrum of mutations within a short time (Bolbhat and Dhumal, 
2009) and thus as compared to conventional breeding methods it saves time to develop a new 
crop cultivar (Gaul, 1961; Manjaya, 2009). It has gained popularity over the past few decades, 
because it is simple, cheap to perform, applicable to all plant species and usable at small and 
large scale and also due to the fact that the frequency of induced mutations can be regulated 
and saturation can readily be achieved (Waugh et al., 2006).  
Since crop improvement depends upon the magnitude of genetic variability present in 
the base population and mutations are possibly the only source of creating heritable variability 
in all biological systems including crop plants, induced mutagenesis become a handy tool for 
making specific alterations in the genotypes and for enhancing the genetic variability in 
polygenic traits which is utilized in selection programme for obtaining desirable 
improvement. It has immense potential in creating novel genetic variability non-available in 
the existing high yielding or a superior genotype or to improve one or few specific traits of 
the genotype without altering the otherwise desirable make-up of agronomically important 
characters. It provides a rapid method to improve local crop varieties, without going through 
extensive hybridization and back crossing used in conventional breeding. The magnitude of 
induced genetic variability could be exploited for obtaining desired lines, by controlling and 
directing the induced mutation process through a careful screening and selection programmes. 
However, in many instances, mutants may not be suitable for being released directly for 
cultivation, in those cases they may prove to be excellent breeding material as a donor of 
desired characters in cross breeding programmes. Moreover, there is no guarantee that a 
mutant plant carries only one genetic change. With high efficacy of available mutagens, it is 
rather likely that there will be several mutations, but only one or two may be noticeable and 
mostly are not seen. Interest in induced mutagenesis has been revived in recent years due to 
the fact that mutant organisms are the indispensable tool for the science of genetics. By 
September 2014, 3218 varieties in more than 174 plant species derived from mutagenesis 
programmes have been officially released worldwide as listed in the FAO/IAEA Mutant 
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Varieties Database (MVD) that not only increase biodiversity but also provide breeding 
material for conventional plant breeding.  
Mutations are grouped into two major categories on the basis of their phenotypic 
manifestations: 
(i) Macro-mutation, which produces a major phenotypic effect that is recognizable on the 
individual plant basis and is oligogenic in nature. 
(ii) Micro-mutation, which has a minor phenotypic effect that can be detected only at the 
population level using various statistical parameters and is polygenic in nature. 
The interest in micromutations for generating polygenic variability increased after 
Brock (1965) proposed the hypothesis of induction of quantitative variability through 
mutagenic treatment. Micromutations result in the induction of genetic variability in 
quantitative traits of the crop plants and thus useful for improving the desired traits (such as 
yield) without much disturbing the major part of the genotype and the phenotypic architecture 
of the crop.  
India has also become a major recognized centre for work on induced mutations and 
the second largest contributor of the mutant varieties in the world after China. In India 
sustained efforts for crop improvement through induced mutations were initiated during the 
second half of the 1950s, although the world very first mutant variety of cotton viz., MA-9 
with drought tolerance induced by X-rays, was released in 1948 in India (Kharkwal et al., 
2004). Now the mutation breeding work is pursuing at several universities and research 
institutes in India, resulting in the development and release of a large number of mutant 
varieties.  
Thus mutation breeding plays a key role in augmenting the efforts of Indian plant 
breeders in achieving the target of self-sufficiency in production and strong economic growth 
of the country.  
1.3. Plantago ovata Forsk.: A brief description 
1.3.1. Nomenclature and geographical distribution  
Plantago is a large genus, contains over 200 species of herbs or sub-shrubs 
distributed mostly in temperate region and a few in the tropics. About 10 species are recorded 
in India, of which Plantago ovata is important for its seeds and husks which have been used 
in the indigenous and other systems of medicine in India and in many other countries of the 
world due to its medicinal values. It commonly known as ‘Isabgol’ in Hindi and ‘White or 
Blonde Psyllium’ (or simply ‘Psyllium’), ‘Indian Plantago’ or ‘Blond Plantago’ in English in 
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its trading circles. It is also called as ‘Isabghul’, ‘Isapghol’ in Hindi.  The name ‘Isabgol’ 
comes from two Persian words ‘Isap’ and ‘ghol’ which mean ‘horse ear’, which is descriptive 
to the shape of the seed, while the word ‘Psyllium’ originated from a Greek word for ‘flea’, 
referring to the size, shape and colour of the seed. The word ‘Plantago’ is Latin, meaning 
‘sole of the foot’ referring to the typical shaped of the leaf, and ‘ovata’ refers to the ovate 
shape of the leaves (Dhar et al., 2005). 
It is native to Mediterranean region and West Asia extending up to Sutlej and Sindh 
in West Pakistan. It is also distributed from Canary Islands across Southern Spain, North 
Africa, Middle East and North Western Asia. It is cultivated commercially in several 
European countries, the former Soviet Union, Pakistan and India. Although P. ovata is 
cultivated widely throughout the world, India dominates the world market in its production 
and export. In India, it is cultivated as a ‘rabi’ or post rainy season crop in the western 
regions. The main states in which it is cultivated on commercial scale are Gujarat, Rajasthan 
and Madhya Pradesh, more particularly in North Gujarat and its adjoining part in Madhya 
Pradesh and Rajasthan. Among all these states, Gujarat is the main hub for its production as 
well as processing. It is also grown to a small extent in Patiala and Hissar districts of Punjab 
and Lucknow in Uttar Pradesh. However, the crop is spreading to other non-traditional part of 
the country such as Haryana, Karnataka and Bihar on a limited scale. 
1.3.2. Classification and taxonomy 
The systematic position of Plantago ovata Forsk. under Bentham and Hooker’s 
system of classification (1862-1883, in Genera Plantarum) is as follows: 
 Kingdom - Plantae 
 Division  - Phanerogams 
 Class  - Dicotyledons 
 Sub-class - Gamopetallae 
 Series  - Bicarpellatae 
 Order  - Lamiales 
 Family  -            Plantaginaceae 
 Genus  - Plantago 
                            Species  - ovata 
It is a sub-caulescent or stem less, soft, hairy annual herb which grows to a height of 
30-45cm. A large number of tillers arise from the base of the plant, each bears a rosette of 
leaves. The leaves are 6.0-25.0cm long, 0.5-1.0cm broad, narrowly linear or linear lanceolate, 
strap like, recurved, finely acuminate, entire or distantly toothed, attenuated at the base, 
adpressed to soil surface, usually 3 nerved and covered with soft woolly hairs. The leaves are 
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sessile, but have a narrow part near the stem which is pseudo petiole. The root system has a 
well-developed tap root with few fibrous secondary roots. A number of the flowering shoots, 
also covered with woolly hairs, arise from the axil of leaves, which are usually longer than the 
leaves and each bears ovoid or cylindrical terminal spikes (0.6-5.6cm) containing numerous, 
small, white or colourless, sessile, bisexual, tetramerous and actinomorphic flowers crowded 
on a main axis in acropetal succession and each subtended by a bract. Sepals are 4, free, 
ovate, obtuse and glabrous. Petals are 4, fused, forming corolla tube, lobes ovate or orbicular 
and glabrous. Stamens are 4, epipetalous, exerted with long filiform filaments and having 
largely versatile anthers dehisced by longitudinal slit. Gynoecium is bicarpellary, syncarpous, 
ovary superior, bilocular, containing one ovule per locule with axile placentation. Style is 
filiform and terminated by a single subulate stigma. The fruit is capsule covered by a 
persistant calyx, oval shaped, usually 2-3mm long, circumscissilely dehisced and containing 2 
seeds. The seeds are hard, cymbiform (boat shaped), outline ovate, acute at one end, smooth 
surfaced and dull pinkish, pinkish grey or pinkish brown in colour. Each seed is enclosed in a 
thin, white, translucent membrane known as husk. There is an elongated dark coloured 
reddish brown spot on the convex surface of the seed while on the concave surface, there is a 
deep furrow with helium, that appears as a red spot in the centre and covered with a remains 
of thin white membrane. The dehusked seeds are dark red and hard.  
1.3.3. Chemical composition 
P. ovata Forsk. seeds contain a fatty oil, albuminous matter and mucilage in such 
large quantities that 1 part of seed mixed with 20 parts of water forms a tasteless jelly within 
20 minutes (Sharma and Koul, 1986; Lal et al., 2005).  The mucilage of isabgol is 
hydrocolloidal polysaccharide in nature and its composition varies with the conditions of 
preparation. It is mainly composed of xylose, arabinose and galacturonic acid. Besides, 
rhamnose and galactose have also been reported in it. Two polysaccharide fractions have been 
separated from the mucilage. One fraction (20% uronic acid) is soluble in cold water and on 
hydrolysis yields d-xylose (46%), and aldobiouronic acid (40%), l-arabinose (7%) and 
insoluble residue. While the other fraction (3% uronic acid) is soluble in hot water forming a 
highly viscous solution which sets to a gel on cooling and on hydrolysis yields d-xylose 
(80%), l-arabinose (14%), aldobiouronic acid (0.3%) and trace of d-galactose (Wealth of 
India, 1969). In addition to mucilage, seeds also contain a semi drying fatty oil (stable or 
fixed oil) (5%), proteins, sugar, sterols, cellulose, traces of starch, small amount of aucubin 
and tannin and an active principle exhibiting acetyl-choline like action.  The fatty acids 
constituents of the oil are: linoleinic (0.2%), linoleic (47.9%), oleic (36.7%), palmitic (3.7%), 
stearic (6.9%) and lignoceric acid (0.8%) (Jamal et al., 1987). Seed proteins contain the 
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amino acids asparagines in free form, glycine and cysteine in bound form and other amino 
acids in free and bound forms.  
1.3.4. Cytology 
The diploid chromosome complement of the species is 2n = 2x = 8 and is divided into 
two groups A and B, on the basis of their size, position of centromere and presence of 
secondary constriction (Padha et al., 1998). Group A consists of 4 largest and non-nucleolar 
chromosomes of which 2 are metacentric and 2 are sub-metacentric, while group B includes 4 
smaller chromosomes all of which are sub-telocentric and with a satellite at the end of the 
short arm carry the nucleolar organizer. The size of the chromosomes ranges from 2.5 to 2.9μ 
in Feulgen-stained preparations (Dhar et al., 2005). The size of secondary constriction that 
houses the NOR varies in the two pairs. This difference is reflected in the size of nucleoli, 
which they organize (Sareen et al, 1988). At metaphase I most of the cells carry two rod and 
two ring bivalents with low chiasma frequency, i.e. 1.4 per bivalent and 5.6 per cell (Dhar et 
al., 2005). 
1.3.5. Uses 
There are various applications of isabgol and its products for medical and industrial uses. 
[I] Medicinal uses 
The medicinal value of psyllium is due to the mucilage content present in the husk. It 
has a high affinity to water and swells into a jelly like mass when come to contact. It is 
chemically inert and its action is purely mechanical and is not digested or absorb by the body 
in any case. Psyllium seeds may be marketed whole or the husk may be sold separately. 
Psyllium seeds and husk can be consumed directly, while in powder form it is used as an 
ingredient in the manufacturing of various applications like effervescent and fibre foods. 
(i) Oral application 
Psyllium seeds and husk have been used as an indigenous Ayurvedic and Unani 
medicines for a whole range of bowel problems. It is very well known as laxative and used in 
the treatment of habitual or chronic constipation, amoebic and bacillary dysentery and 
diarrhoea due to its swelling property which enables it to absorb excess water in gastro 
intestinal tract, thereby increasing the volume of faeces, smoothen it and promotes peristalsis 
and thus stimulating normal bowel elimination and help to reduce the symptoms of both 
constipation and diarrhoea. Due to its swelling property, it is also used for adjusting and 
regulate the faecal consistency and frequency in patients with colostomies and with 
diverticular disease or irritable bowel syndrome to assist the production of a smooth solid 
faecal mass and also reducing flatulence and bloating. Both the dried seeds and the seed husk 
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are used as emollient, demulcent and lubricant and thus they are used to cure inflammation of 
the mucous membranes of gastro-intestinal and urino-genital tracts, and also in duodenal 
ulcers, gonorrhoea and piles. In indigenous medicines, the seeds are considered cooling and 
diuretic as well and so recommended in febrile conditions and the affections of kidneys, 
bladder and urethra. Recent study shows that the use of high fibre breakfast cereals containing 
psyllium is effective in reducing blood cholesterol level, thus helpful in patients of hyper 
cholesterolemia and also reduces the risk of heart attack. Research also indicates the psyllium 
incorporate into food products is more effective at reducing blood sugar level and help in 
controlling diabetes and also in keeping the blood pressure low. A decoction of seeds is 
prescribed in cough and cold. Isabgol seeds and husk tend to swell in contact with water, 
creating a feeling of ‘fullness’ in the body, which can help curb appetite and thus control body 
weight and obesity. It can also be used as cervical dilator for termination of pregnancy.  
 (ii) External applications 
Crushed seeds made into poultice are applied for rheumatic and glandular swellings, 
gouty swellings and for furunculosis as emollient. Fresh leaves are applied topically to treat 
various skin irritations including poison ivy reaction, insect bites, stings, yeast infections and 
haemorrhoids as well.  
[II] Industrial and other uses 
Psyllium (husk in powder form) is used in health drinks, beverages, ice-cream and 
other frozen dairy products, bread, biscuits, cakes and other bakery products, jams, instant 
noodles, soups, sauces, smoothes and in breakfast cereals etc., for various purposes like to 
improve the fibre content and bulk of the food, to improve softness and body texture, as a 
thickener and to provide strength as binder and stabilizer. It is also used in cosmetics and 
confectionary industries, for sizing purposes in textile industry and for the preparation of 
chocolates. Seed husk is used in dyeing, calico-printing and setting lotions. Young leaves of 
this plant are eaten as salads. A jelly useful as a substitute for agar-agar can be obtained by 
treating the husk with hot caustic soda solution and subsequent neutralization. Psyllium dust 
(kha-kha powder) is used to prevent ice-slipping, landscaping and soil erosion and also in 
veterinary medicines. Technical grade psyllium has been used as a hydro-colloidal agent to 
improve water retention for newly seeded grass area and to improve transplanting success 
with woody plants. In pharmaceutical industry, psyllium is used as thickening agent during 
capsule formation. The husk has been found to act as a good binder and disintegrate in 
compressed tablets.   
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[III] Animal feed 
The dehusked seeds are rich in proteins, starch and fatty acids and are used as poultry 
or chicken feed and cattle feed, mainly for milk giving animals. Psyllium (dust) is used as 
horse feed, even foals feed without any harmful side effects. It is also used as a preventive for 
sand accumulation in animals mainly in sandy regions, as husk has the ability to capture and 
move sand through animal’s digestive system. After threshing and winnowing of the seeds, 
the left over straw is used as a fodder for the farm animals. 
1.4. Objectives 
Unlike the other crop plants, the reports on induced mutagenesis in isabgol are not 
very extensive. So realising the great medicinal and economic importance of P. ovata 
Forsk.(isabgol), a self pollinated crop (Sareen et al., 1999; Dhar et al., 2005), in the present 
studies attempts have been made to explore the possibilities of inducing alteration in the 
genotype to enhance the genetic variability and increase the yield potential and quality 
parameters of isabgol, through mutagenesis with chemical (EMS) and physical (gamma rays 
or γ rays) mutagens used individually as well as in combination, in two varieties of isabgol 
viz., ‘Mayuri’ and ‘Niharika’ in M1, M2 and M3 generations. 
The main objectives of the present study are: 
1. To study the effect of different mutagenic treatments on various biological parameters in 
M1, M2 and M3 generations. 
2. To investigate the meiotic behaviour of chromosomes after various mutagenic treatments 
in M1, M2 and M3 generations. 
3. To estimate the frequency and spectrum of induced chlorophyll and morphological 
mutations in M2 generation.       
4. To compare the effectiveness and efficiency of mutagens in M2 generation. 
5. To determine the magnitude of genetic variability induced by mutagens in various 
quantitative traits in M1, M2 and M3 generations and their possible effect on the scope for 
improvement through selection. 
6. To enhance the yield potential by isolating promising lines in M2 and their evaluation in 
M3 generation with cytological studies. 
7. To evaluate the quality parameters like husk content, swelling factor and mucilage 
content in isolated promising mutant lines. 
Chapter 2
Review of Literature
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CHAPTER – 2 
REVIEW OF LITERATURE 
This chapter deals with the available literature on the effect of mutagens on various 
aspects of Plantago ovata Forsk. and other economically important crops with an aim to 
understand the impact of induced mutagenesis on different crops. It includes the extensive 
research work done by different workers in mutation breeding programmes. 
2.1. Induced mutagenesis 
The success of plant breeding basically depends on the amount of variability available 
in a crop species and mutation induction has become a proven way of inducing alteration in a 
genotype to enlarge the variability at gene level in a shortest possible time within a crop for 
the development of new varieties with improved traits. It offers the possibility of inducing 
desired attributes that either cannot be found in nature or have been lost during evolution. 
Mutation induction is generally obtained by mutagenesis, involving the use of mutagens. It 
takes place either by changes in the base sequence of the gene (gene or point mutations) or by 
changes in the chromosome structure or even in chromosome number (chromosomal 
mutations). The changes may also occur in cytoplasmic DNA (in cytoplasmic organelles i.e., 
chloroplast) resulting in chlorophyll mutations. For long time, induced mutagenesis has been 
successfully utilized in creating artificial variability for the improvement of crop plants. 
Scientists working on different facets of mutagenesis have been able to accomplish a 
significant breakthrough in understanding the mechanism of mutagenesis and also its applied 
value for the benefit of mankind. While physical mutagens often result in the larger scale 
deletion of DNA and changes in chromosome structure, chemical mutagens most often only 
affect single nucleotide pair and thus causing gene or point mutations.  
Since mutations occur spontaneously in nature, the frequency of such mutations is 
pretty low and can’t be exploited for plant breeding and that’s why mutations are induced 
artificially. Before 19th century little was known about mutation. It was Darwin (1859) who 
first noticed several sudden changes in the organism in nature and called those changes 
‘sports’. The scientific study of mutations started in 1910, when Morgan started his work on 
fruit fly (Drosophila melanogaster). However, Hugo de Vries (1901) was the first to propose 
the use of radiation for induction of sudden heritable phenotypic changes in evening primrose 
(Oenothera lamarckiana) and used the term ‘mutation’. For the first time a conclusive proof 
that ionizing radiations can induce mutations was given in 1927, when Muller discovered that 
X-rays can cause genetic mutations in fruit flies, producing phenotypic mutants as well as 
observable changes in the chromosomes, while his collaborator Altenburg also demonstrated 
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the mutagenic effect of UV radiation in 1928. Similar results were obtained by Stadler after 
exposing barley to X-rays in 1928 and maize to UV rays in 1936 and by Goodspeed in 1929 
in Nicotiana. Thus, in the beginning mutation breeding was based primarily on the physical 
mutagens. Chemical mutagens were not demonstrated to cause mutation until 1940s when 
Auerbach and Robson (1942), found mustard gas to successfully cause mutations in fruit flies. 
Oehlkers (1943) obtained the similar results in Oenothera by using urethane. However, 
chemical mutagens were tried first time by Schiemann (1912) on Aspergillus niger using 
potassium bromide. A large number of chemical mutagens have since been identified.  
Immediately after these discoveries considerable optimism was generated regarding 
the practicability of induced mutagenesis for the improvement of various crop plants. A 
variety of physical and chemical mutagens are known to cause severe breakdown of genetic 
system and induce variability in plants (Reddy and Gupta, 1988). Physical mutagens include 
all types of radiations (e.g. non-ionizing radiations i.e. UV rays; ionizing radiations i.e. X-
rays, γ-rays, α-rays, β-rays; fast and thermal neutrons and protons), while chemical mutagens 
include alkylating agents (e.g. EMS, MMS, DES, DMS, EI etc.), acridine dyes (e.g. 
acriflavin, proflavin etc.), base analogues (e.g. 5-bromouracil, 2-aminopurine, 5-chlorouracil 
etc.), azides (e.g. SA) and mustard gas etc. However, in practice, only a few of the mutagens 
are used more frequently. Among the physical mutagens gamma rays and X-rays are most 
commonly used, while among chemical mutagens, the preferred mutagens belong to the group 
of alkylating agents such as ethyl methane sulphonate (EMS), methyl methane sulphonate 
(MMS), diethyl sulphate (DES), ethylene imine (EI), N-nitroso N-ethyl urea (NEU) and N-
nitroso N-methyl urea (NMU), and these have been reported to be most effective than the 
other groups of chemical mutagens (Swaminathan, 1966; IAEA, 1970). The alkylating agents 
can be broadly classified into monofunctional and bi- or polyfunctional ones, depending upon 
the number of alkyl groups present in the compound (Natarajan, 2005).  
Pioneering mutation work on the production of useful mutations in crop plants was 
done by Gustafsson (1947). After that, exhaustive information has been generated by the 
reviews and research analysis of various workers (Gaul, 1965; Kharkwal, 1996; Talame et al., 
2008; Toker, 2009; Nakagawa et al., 2011) on the role and application of induced mutations 
in several crop plants and were taken up by many breeders all around the world. 
A more comprehensive account regarding the mechanism of action of mutagens was 
given by Sharma (1985) and later by van Harten (1998), Micke (1999) and Kodym and Afza 
(2003). The nature, essential properties and mode of action of various physical and chemical 
mutagens has been reviewed by Gottschalk and Wolff (1983), Kaul (1989), Crueger (1993), 
Khan (1997), Kaul and Nirmala (1999), Siddiqui (1999), Ahloowalia et al. (2004), Al-
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Qurainy and Khan (2009) and Nakagawa et al. (2011) which has enriched our knowledge on 
the fundamental aspects of mutational process and possible mechanism of action of physical 
and chemical mutagens. 
Mechanism of action of EMS and gamma rays: 
(I) EMS 
 Within the alkylating groups, EMS has been found to be a very effective chemical 
mutagen. It is a colourless liquid with a molecular weight of 124.16 and is probably 
carcinogenic. Alkylation refers to the substitution of an alkyl group for a hydrogen in the 
nitrogenous bases. The alkylation of DNA leads to the following effects: 
(i) Alkylation of the phosphate group of DNA: Alkylation of the phosphate groups of DNA 
leads to the formation of phosphate triesters which are unstable and release the alkyl group on 
hydrolyze. However, if enough alkyl groups remain unreleased, then the attached alkyl groups 
interfere with DNA duplication in such a manner that non-complimentary bases may be 
incorporated, causing random mutations. Sometimes the phosphate triester is hydrolyzed 
between the sugar and the phosphate and results in breakage of the DNA backbone. This will 
be lethal or cause larger alterations, but will not cause point mutations.  
(ii) Alkylation of the bases: Alkylation of the bases is the most frequent action of alkylating 
agents, more particularly, the guanine alkylation and rarely cytosine. 7th position in the 
guanine is a preferred site for alkylation, but it has been established that the major mutagenic 
effects arise from O6 alkylation of guanine that during DNA replication resulting in 
miscoding through abnormal base pairing with thymine instead of cytosine and leads to base 
pair transition. This change in genetic information results in point mutations. Alkylation of 
DNA may also result in DNA fragmentation by repair enzymes in their attempts to replace the 
alkylated bases.  
(iii) Depurination: Alkylation of guanine gives rise to the quaternary nitrogens which are 
unstable. Either the alkyl group itself hydrolyses away from the guanine or else the alkylated 
guanine separates from the deoxyribose leaving it depurinated. This depurinated DNA is also 
unstable. This may either undergo breakage in backbone soon after inducing large alterations 
or may be lethal or the gap can be filled up by any base during DNA duplication causing base 
pair mistakes leading to transversions or transitions type of mutations.  
 Liberation of ethylated and methylated purines from DNA has been observed by 
Bautz and Freese (1960) and Lett et al. (1962). According to Bautz and Freese (1960), EMS 
has been known to react particularly with the base guanine. From their experimental results 
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and theoretical considerations, they strongly suggested that removal of guanine may be the 
main cause of mutations induced by EMS. 
(II) Gamma rays 
In the category of physical mutagens gamma rays are the most commonly used 
mutagen in plant improvement programmes. They are effective and efficient ionizing 
radiations emitted from the radioactive isotopes like Cobalt-60 (60Co), Caesium-137 (137Cs), 
Carbon-14 (14C) and Radium. Because of their shorter wave length than X-rays, they possess 
more energy per photon and hence have higher penetrating power than the X-rays. Their great 
penetrating power makes them dangerous as they can cause considerable damage when they 
pass through the tissue (van Harten, 1998). The unit of the radiations is Roentgen (R-units). 
More generally the gamma rays are produced by the 60Co and having the half life of 5.3 years 
with the wave length of 0.1Ao and 1.33 MeV (μ1) or 1.17 MeV (μ2) energy. Gamma rays are 
electromagnetic type of radiations that induce ionization. When biological material is 
irradiated, a gamma ray photon hits an orbital electron of the atom in the tissue or cells and 
transfers it’s all energy to that electron in the form of kinetic energy and causes the release of 
electron from the atom leaving behind a positively charged atom called free radical or ion 
(van Harten, 1998). The ejected electron, also known as photo-electron, has tremendous 
energy and is capable of causing further ionizations along its path by colliding with the other 
atoms in the tissues or cells. The net result is that a ‘core’ of ions is formed along the track of 
each radiation as it passes through matter or living tissue. Since this process gives rise to ions 
or free radicals, it is called ionization and hence the name ionizing radiations. The transfer of 
energy by ionizing radiations is random but discrete, that is why, even a small amount of 
energy deposited by radiations produces ionization. Radiation induced biological damage is 
brought about in two ways: 
(i) Direct effect- where DNA is the direct target and radiation energy is directly absorbed by 
it. 
(ii) Indirect effect- where the initial absorption of energy is by other molecules in the cell. 
Subsequently this energy or the products of this energy (highly reactive free radicals) can be 
transferred to DNA. 
 Under normal conditions it is difficult to separate these effects and therefore, the 
biological effects observed following ionizing radiations are the cumulative effect of both 
direct and indirect effects of radiations. The increased reactivity of atoms present in DNA 
molecules is the basis of mutagenic effects of ionizing radiations. The major effects of 
ionizing radiations on DNA are disruption of continuity of one or both strands (Bacq and 
Alexander, 1961), cross linking of DNA-DNA and DNA-proteins, removal of a base and 
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chemical alteration of a base which changes its pairing properties (Casarett, 1968). While 
cross linking of DNA leads to the cell death, the strand breaks result in chromosomal 
mutations and the repair of radiation induced nicks in DNA and base changes in gene 
mutations. 
 Among the chemical mutagens, EMS is now being widely accepted as the most 
effective and powerful mutagen (Minocha and Arnason, 1962; Hajra, 1979) because of its 
ability to induce a high frequency and wide spectrum of mutations (Swaminathan et al., 1962; 
Hussein et al., 1974; van Harten, 1998; Barro et al., 2001; Perry et al., 2003; Hohmann et al., 
2005) and is used commonly for the induction of mutation in various crop plants. The 
mutagenic effect of EMS was studied earlier in Drosophila (Fahmy and Fahmy, 1957), 
bacteriophage (Loveless, 1959), barley and wheat (Gustafsson, 1960; Ehrenberg, 1960; 
Swaminathan et al., 1962), Escherichia coli (Strauss and Rosemarie, 1964), Lycopersicon 
esculentum (Saba and Mirza, 2002) and Arabidopsis (Greene et al., 2003). 
Experiments on higher plants showed that apart from easy handling and better 
efficiency, chemical mutagens have greater advantage and specificity than radiations due to 
the milder effect on the genetic material of a cell as against the physical mutagens which 
break the chromosomes (Auerbach, 1965; Handro, 1981; Salnikova, 1995). Chemical 
mutagens have been proved to be more potent and efficient than physical ones in inducing 
mutations (Sharma, 1965; Blixt and Mossberg, 1967; Kharkwal, 1998a,b). Therefore, the 
chemical mutagenesis has become the method of choice for genetic studies, remaining 
popular even with the advent of new technologies (Jain, 2002; Greene et al., 2003). Contrary 
to this, Jain (2005) stated that the use of physical mutagens has more advantages such as 
accurate dosimetry, allowing for a sufficient reproducibility and particularly for gamma rays, 
a high and uniform penetration in plant tissues than the chemical mutagens. 
Mutagens have remarkable potential of improving plants with regard to their 
qualitative and quantitative characters and where appropriate selection has been applied, 
improvement in yield (Brock, 1965; Gregory, 1968), adaptability (Gustafsson, 1965), 
maturity time (Brock, 1970) and numerous other traits have been reported (Sigurbjornson and 
Micke, 1969). The extent to which induced mutations provide a useful alternative to the 
natural variation as a source of germplasm, the improvement of such traits is largely 
determined by the importance of linked group of genes and the degree to which natural 
selection has build up linked gene complexes of adaptive significance in the naturally 
occurring population (Brock, 1971). Shah et al. (2008) reported that mutagens may cause 
genetic changes in organisms, break the linkages and produce many new promising traits for 
the improvement of crop plants.  
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With the discovery that mutations could be produced artificially by physical and 
chemical mutagens, combined treatments of them were used by the breeders in order to 
increase the mutation frequencies. According to Mehandjiev (2005) combined treatments of 
physical and chemical mutagens induced a wider mutation spectrum, which is of great 
significance to the experimental mutagenesis, they enhance the quantitative and qualitative 
changes in the spectrum of mutations, thus increasing or decreasing the frequency of the 
particular mutation types which do not occur in the spectra of the individual treatments. 
Combined treatments would be even more attractive, if synergistic effects would occur, either 
in that way that mutation frequencies should reach levels beyond the sum of both the 
individual treatments, or if ‘unique’ mutations should arise in this way (van Harten, 1998).  
2.2. Dose effect/LD50 and genotypic sensitivity 
One of the most crucial requirements for a successful mutation breeding programme 
is the selection of an effective and efficient dose of mutagen for mutagenizing the starting 
material. The dose required for high mutation efficiency of a physical or chemical mutagen 
depends on the properties of the mutagenic agents and of the biological system in question. In 
general, the dose effect of a physical or chemical mutagenic treatment comprises several 
parameters, of which, the most important are dose rate, concentration, duration of treatment, 
temperature and pH during treatments. However, it is difficult to find the precise dose but 
careful experimentation can identify an optimum dose rate (Acquaah, 2007). Overdose kills 
too many cells and often produces crippled plants, whereas under dose tends to produce few 
mutants. 
A dose which restricts survival to 50 percent (LD50) or growth to 50 percent (GR50), 
gives an idea about the appropriate dose of mutagen in an experiment on induced 
mutagenesis. According to Solanki and Waldia (1997), an optimum dose is the one which 
produces maximum frequency of mutations and causes minimum killings. According to 
Maluszynski et al. (2009), doses causing an over 30% reduction in emergence or seedling 
growth are too high for a large scale breeding programme with mutations. For large scale 
experiments, its highly advisable to grow the M1 generation not only with the selected doses, 
but also with slightly lower and higher doses, to be sure that even under different climatic 
conditions, enough mutated seeds will be collected for a sufficiently large M2 generation. The 
LD50 values of different mutagens vary greatly in different crops. Sareen and Koul (1991, 
1999) reported that LD50 value for Plantago ovata was found to be between 120-140kR dose 
of gamma rays and 0.5-1.0% EMS on the basis of seed germination, seedling  height and 
seedling dry weight. They further stated that this value, as compared to other flowering plants 
is rather high, which indicates that unlike other angiosperms, Plantago ovata is relatively 
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radio resistant. Jain et al. (2005) observed its LD50 between 120-135kR on the basis of same 
parameters, while on the basis of seed germination and pollen fertility Lal and Sharma (2002) 
noticed the LD50 value between 40-50kR. Since, the genetic architecture of an organism is an 
important factor in determining the genotypic difference towards mutagens, henceforth, the 
LD50 of a particular mutagen for a particular genotype varies greatly (Khan, 1990). Inter 
varietal differences with regard to LD50 were reported by several workers (Cheema and Atta, 
2003 in rice; Khan and Tyagi, 2009 in soybean; Senapati et al., 2008 and  Sagade and 
Apparao, 2011 in black gram; Patel et al., 2010 in horse gram; Sikder et al., 2013 in tomato). 
Genotypic differences towards the mutagens are the main reason that LD50 of a particular 
genotype varies greatly. Polyploid species have been found to be slightly resistant to the 
action of mutagens than their diploid ones (Reddy et al., 1991) and therefore, the effective 
dose is likely to vary in an individual crop. 
With a view to enhance the mutation rate and also to alter the spectrum of mutations, 
many variations in treatment methodology have been used by different workers. Treatments 
with chemical mutagens have been given to dry as well as soaked seeds, seedlings at different 
developmental stages, different phases of cell cycle, at variable temperature and ionic 
concentrations (Chopra and Pai, 1979). Ramanna and Natarajan (1965) studied the mutagenic 
efficiency of certain alkylating agents under different conditions of treatment and hydrogen 
ion (pH) concentration in barley. They concluded that factors such as concentration and 
diffusion of the mutagen, rate of hydrolysis and the influence of alkylating and non-alkylating 
groups of the chemical play a considerable role in determining the mutagenicity of a 
compound. The dose of mutagen comprises several parameters in which the most important 
are properties of mutagenic agent, duration of treatment, biological system and the 
environmental conditions. According to van Harten (1998), in order to determine the optimal 
treatment condition for a specific cultivar, it is better to perform a seedling growth test with a 
range of doses. 
It is well known that the same mutagen dose can cause different degrees of effect in 
different species. Varied mutagenic sensitivity in different genotypes was first reported by 
Gregory (1955) in ground nut and Lamprechet (1956) in peas. Khamankar (1984) while 
working on Solanum lycopersicum, reported that different physical and chemical mutagens 
showed difference in the rate of mutation at certain loci as some of the gene loci were affected 
by one mutagen but not by the other. This type of differential sensitivity of genes to different 
mutagens is of considerable interest and revealed the fact that the mutation process with the 
radiations may be different from chemical mutagens. The effective dose of any mutagen in an 
individual crop is also varying. 
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Singh and Rao (2007) noticed differential response in terms of chlorophyll mutations 
while working on the effect of EMS and gamma rays on two varieties of Vigna radiata and 
found that var. Sujata was more sensitive to gamma irradiation in comparison to var. TARM-
1. Similar varietal differences in the production of non-viable chlorophyll mutations were also 
recorded in Nigella sativa (Mitra and Bhowmik, 1999), Vigna mungo (VP Singh et al., 1999) 
and Lathyrus sativus (Das and Kundagrami, 2000) following gamma rays and EMS 
treatments. Differential response of genotypes to irradiation doses with respect to chlorophyll 
mutations was noticed by Paul and Singh (2002) in lentil.  
Varietal differences with respect to chromosomal aberrations were reported in Cicer 
arietinum (Ahmad, 1993; Sharma and Kumar, 2004), Gossypium hirsutum (Sheidai and 
Koobaz, 2003), Capsicum annuum (Singh and Chaudhary, 2005), Vicia faba (Bhat et al., 
2006a), Zea mays (Kumar and Rai, 2007), Papaver somniferum (Chatterjee et al., 2011) and 
Nigella sativa (Dixit et al., 2013). Contrary to this, Mitra and Bhowmik (1996) observed no 
varietal differences in Nigella sativa with regard to cytological abnormalities, while Verma et 
al. (1999) noticed that meiosis was unaffected in var. T-8, but on the contrary the effect was 
maximum in var. KL-133 of Lens culinaris. 
Venkatachalam and Jayabalan (1995) while using EMS, SA and gamma rays found 
distinct varietal differences in ground nut. Differential varietal response to NMU and gamma 
rays in mung bean was observed earlier by Singh and Chaturvedi (1980). Geetha and 
Vaidyanathan (1997) observed different phenotypic response of two soybean cultivars to 
ethidium bromide and gamma rays. Similar results were also reported by Singh (2003) in 
mungbean with respect to seed germination and plant survival using gamma rays, EMS and 
their combinations, while Wani et al. (2004) noticed varietal sensitivity with regard to 
reduction in seed germination and pollen fertility in lentil using EMS. Differential response to 
gamma rays, EMS, NG and MH was noticed in mung bean by Senapati et al. (2008) and with 
respect to EMS, MMS and gamma rays was reported by Sagade and Apparao (2011) in urd 
bean. Differential response to gamma rays was noticed by Singh and Devi (2006) in rice bean 
(Vigna umbellata) and Patel et al. (2010) in horsegram. Differences in radio-sensitivity were 
also reported earlier by Nerker (1976) in grass pea, Khan (1999) and Anis et al. (1999) in 
black gram, Verma et al. (1999) in lentil and Ramesh and Reddi (2002) in rice.  
Although, it is difficult to pinpoint the precise and exact cause for the differential 
sensitivity of genotypes to different mutagenic treatments but several possible explanations 
have been put forwarded by several workers. Akbar et al. (1976) concluded that differences in 
radio sensitivity may be due to differences in their recovery process involving enzyme 
activity.  Ahmad (1978) and Ahmad and Godward (1981) reported radio sensitivity in nine 
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cultivars of chickpea, out of which, two cultivars CSIMF and FIO were identified as the most 
radio resistant and radio sensitive respectively. Kharkwal (1981) reported mutagenic 
sensitivity in four varieties of chickpea on the basis of total germination rate, seedling 
damage, pollen sterility and plant survival. In chickpea, Kharkwal (1998a) reported that 
varieties of desi type were more resistant towards mutagenic treatments than kabuli and green 
seeded types. Wani et al. (2004) reported the more sensitivity of var. Pant L-406 than var. 
Type-8 of lentil based on reduction in seed germination and pollen fertility using EMS. Shah 
et al. (2008) reported varietal sensitivity in two desi, one kabuli and one desi x kabuli 
introgression genotype to gamma rays and EMS with respect to seed germination and 
seedling growth and noticed that bold seeded desi genotype appeared more radio- and chemo- 
resistant, while the desi x kabuli introgression genotype was found to be more radio- and 
chemo-sensitive in this regard. In general, the varieties with a large assortment of recessive 
alleles governing trait(s) show greater sensitivity and frequency of M2 mutants than varieties 
having more dominant alleles governing a trait (Blixt, 1970).  
2.3. Biological damage 
Information on mutagen specificity and varietal response is a basic requirement for 
effective utilization of induced mutations for practical plant breeding. The effect of different 
mutagens can be accessed through different biological parameters (i.e., seed germination, 
seedling height, seedling growth and pollen fertility) in M1 generation (Edwin and Reddy, 
1993). Variations in M1 generation, though less important in view of obtaining stable gene 
mutations, are often considered as indicators in measuring efficiency of mutagen treatments 
(Plesnik, 1993). The information from these M1 parameters may be helpful in initial rejection 
of less mutagenized populations, which may save time and effort in any mutation breeding 
programme (Singh, 2003). As the biological damage cause to these parameters may be 
considered as an induction of mutagenic effect (Gaul, 1970), this principle has been used to 
assess the mutagenic effect of different mutagens in a particular variety taken into 
consideration. 
A variety of physical and chemical mutagens is known to cause severe breakdown of 
genetic system resulting in biological damage or reduction in these parameters and induce 
morphological variations. Generally, mutagens at lower doses cause changes in one or few 
specific characters while higher doses of mutagens cause lethal effects (Reddy and Saikia, 
1992). The plants which survive at near lethal dose often show several morphological 
monstrosities (Edwin and Reddy, 1993). The effect of physical and chemical mutagens and 
their combination treatments on different biological parameters such as seed germination, 
seedling height, plant survival, pollen fertility etc. have also been reported in other crops such 
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as Cicer arietinum (Bhatnagar, 1984; Khanna, 1991), Gossypium hirsutum (Muthusamy and 
Jayabalan, 2002), Capsicum annuum (Dhamayanthi and Reddy, 2002), Vigna mungo (Lal et 
al., 2009; Sagade and Apparao, 2011; Ramya et al., 2014), Vigna radiata (Kumar and Mishra, 
1999; Singh, 2003), Vigna unguiculta (Banu et al., 2004; VA Kumar et al., 2009), Lens 
culinaris (Wani et al., 2004), Abelmoschus esculentus (Kumar and Mishra, 2004), 
Coriandrum sativum (Kumar, 2005), Cyamopsis tetragonoloba (Dube et al., 2011), 
Macrotyloma uniflorum (Bolbhat and Dhumal, 2009; Patel et al., 2010; Bolbhat et al., 2012), 
Oryza sativa (Ramesh and Reddi, 2002; Cheema and Atta, 2003; Talebi et al., 2012), 
Sesamum indicum (Anbarasan et al., 2013), Panicum sumatrense (Nirmalakumari et al., 
2008), Plantago ovata (Sareen and Koul, 1991, 1999; Lal and Sharma, 2000, 2002; Jain et al., 
2005; Prabha et al., 2011), Trigonella foenun-graecum (Bashir et al., 2013a), Solanum 
lycopersicum (Sikder et al., 2013), Sesbania cannabina (Kumar and Srivastava, 2013) and 
Cajanus cajan (Ariraman et al., 2014). 
For combined treatments of gamma radiations and chemical mutagens on seeds, the 
mutagenic effects were reported to be synergistic when radiation was given first followed by 
chemical treatment (Nilan et al., 1962; Sharma, 1970) but, when treatment were given in 
reverse order, the mutagenic effects were not synergistic (Sharma, 1970). Khalatkar and 
Bhatia (1975) studied the effect of gamma radiation, EMS and their combinations on M1 
parameters in barley and observed that seedling injury, chromosomal aberrations, pollen and 
seed sterility were found to be less in combined treatments than the individual treatments. 
Gupta and Yashvir (1975a) reported a radio protective effect of EMS in Abelmoschus 
esculentus. They noticed that combined treatments of gamma rays and EMS showed high 
germination percentage than the corresponding EMS treatments. Wang (1991) reported both 
additive and synergistic effects for wheat and rice, occurred in M1 generation after treatments 
with gamma rays and chemical mutagens. 
 Khan and Tyagi (2009) treated the seeds of two soybean genotypes viz., Pusa 16 and 
PK-1042 by various doses of gamma rays, EMS and combination of both and observed that 
reduction in germination percent over control in all the mutagenic treatments in both the 
cultivars was associated with the increase in doses/concentrations of mutagens. In case of 
pollen sterility combined treatments exhibited high percentage of sterility followed by EMS 
and gamma rays. In Pusa 16, the increase in the doses/concentrations of gamma rays and 
EMS was associated with the increase in pollen sterility percent, while in combined 
treatments, the increased was noticed up to intermediate dose level followed by decrease at 
higher level. On the other hand, in PK-1042 increase in EMS concentrations was associated 
with increase in pollen sterility percent, while no definite trend was noticed in gamma rays 
and combined treatments. 
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Dose dependent decrease in these biological parameters has also been observed by 
Dhamayanthi and Reddy (2002) in chilli and Sagade and Apparao (2011) in urd bean 
following treatments with gamma rays, EMS and MMS; Singh (2003) in mung bean, Patel et 
al. (2010) and Bolbhat et al. (2012) in horse gram, Dube et al. (2011) in guar and Sikder et al. 
(2013) in tomato with EMS, gamma rays and their combinations; Banu et al. (2004) and VA 
Kumar et al. (2009) in cowpea, Ariraman et al. (2014) in pigeon pea and Ramya et al. (2014) 
in black gram following treatments with gamma rays and EMS; Kumar and Mishra (2004) in 
okra following treatments with gamma rays in combination with EMS and NMU; Kirtane and 
Dhumal (2004) in onion following treatments with SA, gamma rays and their combinations; 
Wani et al. (2004) in lentil and Kumar (2005) in coriander following treatments with EMS; 
Nirmalakumari et al. (2008) in little millet with gamma rays; Sangle et al. (2011) in pigeon 
pea and Bashir et al. (2013a) in fenugreek with  EMS, SA and gamma rays and Prabha et al. 
(2011) with SA treatments in black cumin, isabgol and fenugreek. 
Contrary to this, Ando (1970), Pathak and Patel (1988) and Cheema and Atta (2003) 
in rice observed that decrease in seed germination and seedling height was not proportional to 
the increase in gamma rays doses. Sareen and Koul (1991) in isabgol with gamma rays also 
noticed that there was no dose dependent decrease in germination and seedling dry weight. 
However, seedling height followed the decreasing trend with the increasing doses of gamma 
rays in this crop. Sareen and Koul (1999) in isabgol with gamma rays and EMS noticed dose 
dependent decrease in seed germination, seedling height and seedling dry weight in case of 
EMS, while in gamma rays treatment germination percentage and seedling dry weight did not 
follow any trend, but seedling height decreased with increasing doses of gamma rays. Lal and 
Sharma (2000, 2002) observed dose dependent decrease in seed germination but not in pollen 
fertility in Plantago ovata with gamma rays treatments. Jain et al. (2005) also noticed a dose 
dependent decrease in seedling height and seedling dry weight with increasing doses of 
gamma rays in isabgol, but in germination percentage variable trend was observed. Pollen 
fertility also, did not show strictl, a dose dependent decrease. Stimulatory effect of EMS and 
gamma rays on seed germination, seedling height and vigour were reported by 
Dhakshanamoorthy et al. (2010) in Jatropa curcas. Similar results were also noticed by 
Bolbhat and Dhumal (2009) in Macrotyloma uniflorum in seed germination and seedling 
height. Animasaun et al. (2014) noticed the enhancing effect of lower doses of gamma rays in 
Digitaria exilis. Stimulatory effects of lower doses of radiations have also been reported 
earlier by Sparrow (1966) and Khanna (1988) in different crops. 
Banu et al. (2004) reported higher percentage of reduction in Vigna unguiculata in 
M1 generation treated with physical mutagens than the chemicals, while Lal et al. (2009) in 
Vigna mungo, Dube et al. (2011) in Cyamopsis tetragonoloba and Sikder et al. (2013) in 
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Solanum lycopersicon reported more physiological damage in combination treatments than 
the individual ones. 
Different parameters have been proposed by various workers as an important 
indicator to determine the mutagenic actions of various mutagens for specific plants by 
studying the biological and physiological damages. Seedling height is proposed to be a quick 
and simple method used as an index in determining the biological effects of various mutagens 
in M1 generation (Konzak et al., 1972; Joshua and Bhatia, 1983; Kumar and Mani, 1997). 
Kodym and Afza (2003) observed that germination is not a good indicator for an effective 
mutagen dose, while Blixt (1972) in pea and Solanki and Sharma (1999a) in lentil reported 
seedling damage (leaf aberrations) to be the most effective index among all M1 parameters. 
Alteration in chlorophyll contents in M1 generation of makhana (Euryale ferox) due to gamma 
irradiation can also be used as a vital index in determining the mutagenic action (Verma et al., 
2010) 
2.4. Cytological aberrations 
Mutation induced chromosomal variations are important tool in genetic analysis as 
these are the primary basis of genetic change that is passed over to the next generation and are 
the primary indicators of phenotypic or morphological variations as morphological changes 
are correlated to the cytological changes. Therefore, investigations on type of aberrations, 
involving chromosome breakage and their genetic consequences form an integral part of most 
of the mutational studies (Sinha and Godward, 1972; Zeerak, 1992; Kumar and Srivastava, 
2008) which provide a considerable clue to assess the sensitivity of plants for different 
mutagens and to ascertain the most effective mutagen for a crop concerned, to realize 
maximum results. The induction of cytological variations may be considered as indicator to 
their corresponding mutagenic efficiency at the first instance that may in turn lead to the 
production of greater phenotypic variations although not necessarily in terms of viable 
mutations (Kumar and Singh, 2003b). 
Meiosis is an integrated process consisting of a series of events such as initiation of 
meiosis, pairing of homologous chromosomes, chiasma formation, meiotic recombination, 
chromosome segregation and cytokinesis. Each step of meiosis, right from pre meiotic to post 
meiotic stages, is controlled by a large number of genes which lead to a normal and 
harmonious completion of cytological action (Golubovskaya, 1989; Vari, 1989; Taschetto et 
al., 2003; Srivastava and Kapoor, 2008). Mutation often disrupts genetical programming of 
meiosis as mutation in any of these genes resulting in deleterious genetic consiquences, which 
are to be expected in the form of gene mutations and the expression of these will be 
associated with chromosomal aberrations persisting at this stage. The degree to which 
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chromosomal aberrations persist at meiosis affects the viability of the gametes and therefore, 
the fertility of plant (Sinha and Godward, 1972). Swaminathan et al. (1962) reported that the 
chromosomal mutations leading to the formation of non-functional gametes are the most 
common effect of mutagen induced sterility with reduced reproductive capacity. Studies on 
different plant species have shown that the decline in seed production is correlated with 
meiotic irregularities (La Fleur and Jalal, 1972; Smith and Murphy, 1986; Consolaro et al., 
1996; Kumar and Rai, 2007; Kumar and Gupta, 2007). 
Cytological aberrations like stickiness, univalents, multivalents, fragments, non-
orientation of chromosomes, precocious separation, bridges, laggards, unequal separation, 
micronuclei, multinucleate condition, cytomixis etc. due to single and combination treatments 
of mutagens have been extensively reported by several workers in different plants. Gamma 
rays induced chromosomal aberrations have been studied by Datta et al. (1986) in Nigella 
sativa; Jayabalan and Rao (1987) in Solanum lycopesicum; Ahmad (1993) in Cicer arietinum; 
Verma et al. (1999) in Lens culinaris; Singh and Chaudhary (2005) in Capsicum annuum; 
Tiwari and Shukla (2005) in Hordeum vulgare; Basi et al. (2006) in Oryza sativa and Kumar 
and Srivastava (2011) in Sesbania cannabina. EMS induced meiotic aberrations were 
reported by Sharma and Kumar (2004) in Cicer arietinum, Kumar and Rai (2005) in Glycine 
max, Bhat et al. (2006a,b) in Vicia faba, Kumar and Rai (2007) in Zea mays and Kumar and 
Yadav (2010b) in Sesamum indicum. Chromosomal aberrations induced by EMS, gamma rays 
and their combination treatments have been reported by Laxmi et al. (1975) in Pennisetum 
typhoides, Ignacimuthu and Sakthivel (1989) in Vigna radiata, Mitra and Bhowmik (1996) in 
Nigella sativa, Kumar and Singh (2003a) in Hordeum vulgare, G Kumar et al. (2003) in Lens 
culinaris, Sharma et al. (2004) in Cicer arietinum and Chatterjee et al. (2011) in Papaver 
somniferum. While, chromosomal aberrations induced by EMS and gamma rays along with 
other mutagens individually as well as in combination have been reported by Venkateswarlu 
et al. (1988a) in Catharanthus roseus (by gamma rays, EMS and HA); Reddy and Annadurai 
(1992) and Reddy et al. (1992a) in Lens culinaris (by EMS, gamma rays, SA and their 
combinations); Kumar and Dubey (1998a) in Lathyrus sativus (by gamma rays, EMS, DES 
and their combinations); GR Singh et al. (1999)  in Vigna radiata (by gamma rays, EMS and 
epichlorhydrin); Kirtane and Dhumal (2004) in Allium cepa and Kumar and Srivastava (2013) 
in Sesbania cannabina (by gamma rays, SA and their combinations); Sharma et al. (2009) 
and Khan et al. (2009) in Vicia faba (by MMS, gamma rays and their combinations); 
Dhanasri (2005) in Carthamus tinctorius (by gamma rays, SA, mitomycin-C and their 
combinations); Dixit et al. (2013) in Nigella sativa (by EMS and SA) and Bashir et al. 
(2013b) in Trigonella foenum-graecum (by gamma rays, EMS and SA). 
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Most of these workers observed dose dependent increase in the frequency of 
chromosomal abnormalities with respect to mutagenic treatments. Dixit et al. (2013) while 
working with the effect of EMS and SA in two cultivars of Nigella sativa reported positive 
correlation between meiotic abnormalities and concentration and duration of the treatments 
with EMS, whereas, SA treatment did not show any specific pattern in this regard.   
Ignacimuthu and Sakthivel (1989) reported a positive and significant correlation 
between chromosomal abnormalities and pollen sterility in Vigna radiata. Similar results 
were also observed by Ignacimuthu and Babu (1989) in wild and cultivated Vigna sublobata 
(wild), V. radiata cv. PS 16 and V. mungo cv. T 9. According to them, the presence of 
univalents, trivalents and multivalents suggests that mutagenesis results in point mutations or 
deletions, inversions and translocations. According to Sheidai and Koobaz (2003), meiotic 
abnormalities including cytomixis, formation of laggards, stickiness as well as disorganized 
chromosome may be responsible for the reduction in pollen fertility and abnormal pollen 
grain formation in cotton cultivars. 
 Kumar and Srivastava (2001a) studied the effect of SA on various cytological 
parameters in Plantago ovata and observed a considerable reduction in chiasma frequency 
with the increase in SA concentrations. A large number of interesting karyological and 
cytoplasmic irregularities viz., clumping, linking of bivalents, precocious movement, 
translocation ring, bridges, laggards, transmigration of chromosomes and corroding etc. were 
noticed at different stages of meiosis in the treated plants. The percentage of abnormalities 
was found to be dose dependent among mutagen treated populations. 
Kumar and Singh (2002) reported EMS induced chromosomal stickiness in Hordeum 
vulgare var. K-12. They observed two plants which were morphologically weak and revealed 
the dominance of a peculiar abnormality characterised by stickiness and clumping of 
chromosomes at all the active dividing phases. Pollen fertility and seed setting were extremely 
reduced as compared to control plants. 
Kumar and Srivastava (2001b) studied cytomitic variations i.e., cytomixis and 
chromatin migration in isabgol following exposure of seeds to 3 different treatment durations 
viz., 3, 5 and 7 h of 0.5% EMS. Chromosome transfer between microsporocytes occurred 
from pachytene to telophase II stages of meiosis. Two, three or a series of several cells were 
involved in cytomixis and the number of transferred chromosomes ranged from a few to 
entire chromosome complement, thereby causing aneuploidy or polyploidy in this crop. Datta 
et al. (2005) recorded persistent occurrence of cytomixis during microsporogenesis in X rays, 
gamma rays, EMS, DES and HA treated M1 plants/progenies of Ocimum basilicum and 
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Withania somnifera. Kumar and Rai (2006a) studied induced cytomictic variability in Glycine 
max following irradiation with gamma rays resulting into hypo- or hyper- ploid gametes 
which may be the cause for the origin of aneuploidy or polyploidy. Kumar and Pandey (2009) 
studied gamma rays and EMS induced cytomiotic microsporogenesis in Linum usitatissimum 
and reported that the frequency of occurrence of cytoplasmic channels and cytomixis was 
found to be directly correlated with the intensity of irradiation dose and EMS treatment. 
Cytological anomalies and pollen sterility were the natural fall out of such cytomixis or 
chromatin transfer from one PMC to another. Kumar and Naseem (2013) gave the first report 
on the phenomenon of syncyte manifestation through cytomictic transmigration in Papaver 
somniferum. The occurrence, characteristics and cytological description of cytomixis in the 
meiotic course of gamma irradiated population revealed the mechanism leading to the origin 
of the cell fusions/syncytes. 
GR Singh et al. (1999) observed that EMS produced the highest chromosomal 
abnormalities than gamma rays and epichlorhydrin (ECH) in mungbean. Bhat et al. (2005b) 
revealed that the induction of meiotic aberrations was observed to be higher under MMS 
treatments followed by gamma rays and EMS in broad bean. Laxmi et al. (1975) reported that 
gamma rays were more effective than EMS or combination treatments in inducing 
chromosomal anomalies in pearl millet. Kumar and Singh (2003a) reported that the 
percentage of abnormalities induced by gamma rays was higher than that induced by EMS in 
barley. Kumar and Srivastava (2010) investigated that the percentage of chromosomal 
aberrations observed in case of gamma rays treated seeds was higher than laser rays treated 
seeds in safflower. Bashir et al. (2013b) also reported the superiority of gamma rays over 
EMS and SA in inducing chromosomal aberrations in fenugreek. Reddy et al. (1992a) 
reported that combined treatments exhibited higher abnormalities than the individual 
treatments of gamma rays, EMS and SA in lentil. Reddy and Annadurai (1992) noticed that 
combined treatments showed additive effect and EMS produced slightly more abnormalities 
over SA in lentil. G Kumar et al. (2003) claimed that the frequency of meiotic irregularities as 
well as pollen sterility were more in the combined treatments than the individual sets of EMS 
and gamma rays in lentil. 
Basi et al. (2006) in indica rice identified that the greatest share of aberrations was 
due to multivalent association as a result of translocation followed by bridges and laggards 
and the least effect for the stickiness of chromosomes, while Kumar and Gupta (2009) 
revealed a predominance of bridges during the cytological analysis of induced 
karyomorphological mutants in Capsicum annuum. Kumar and Srivastava (2010) reported the 
dominance of stickiness among a wide spectrum of chromosomal aberrations in Carthamus 
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tinctorius. Dixit et al. (2013) in Nigella sativa also observed stickiness as the predominant 
abnormality at metaphase followed by bridges at anaphase. 
 Sareen and Koul (1994) studied the induced desynapsis in Plantago ovata by 
exposing the seeds to 10-140kR doses of gamma rays. A desynaptic mutant was isolated in 
M2 generation at 50kR gamma rays treatment. The meiotic studies revealed that desynapsis 
was of medium strong type. The transmission studies showed that desynaptic trait is 
transmitted through both male and female tracts and the desynapsis was caused by dominant 
‘ds’ gene.  
Padha et al. (1998) studied interchanges in Plantago ovata following irradiation of 
dried seeds with gamma rays and recovered a plant which had 8 chromosomes. Out of 8 
chromosomes, 2 chromosomes were distinct morphologically. Morphometery and synaptic 
behaviour of the chromosomes suggested that the variant was a translocation heterozygote, 
having 2 chromosomes involved in interchange. This variant was selfed and crossed in 
various directions. A translocation homozygote was also isolated in the selfed progeny.  
Sareen (1990) irradiated the seeds of isabgol with gamma rays (10, 20, 30, 40, 50, 
60kR) and isolated a trisomic individual (2n=9) from 50kR dose in M2 generation which 
resembled its disomic sibs in phenotype. Behaviour of the extra chromosome was studied 
during meiosis.  
2.5. Chlorophyll mutations 
The systematic and comparative study of induced chlorophyll mutation frequency in 
M2 generation is used as the most reliable preliminary index for evaluating the effectiveness 
of mutagenic treatments in order to induce genetic variability and utilize useful mutations for 
efficient plant breeding (Kharkwal, 1998a) and also to serve as a marker to find out the 
mutability of the variety which in turn could be helpful to realize the spectrum of desirable 
mutations in the treated populations (Waghmare and Mehra, 2001). Although chlorophyll 
mutations are generally not useful for plant breeding purpose because of not having any 
economic value due to their lethal nature, their study could be useful in identifying the 
suitable mutagen and its threshold dose that would increase the genetic variability and number 
of economically useful mutations in the segregating generations (Wani and Anis, 2004a).  
According to Sharma et al. (2006) the chlorophyll mutation is a clear cut indication of non-
directional nature of mutation and indicates the possibility of induction of useful/viable 
mutations in mutagen treated population. 
Different types of chlorophyll mutations such as albina, xantha, viridis , maculata, 
striata, chlorina, tigrina etc. have been reported by several workers in different crops 
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following treatments with various physical and chemical mutagens. Gamma rays induced 
chlorophyll mutations were reported by Venkatachalam and Jayabalan (1993) in Zinnia; Paul 
and Singh (2002) in Lens culinaris; Cheema and Atta (2003) in Oryza sativa; Rangaiah et al. 
(2004) in Capsicum annuum; Jain et al. (2005) in Plantago ovata; Kumar et al. (2007) in 
Vigna mungo; Singh and Rao (2007) and Mishra et al. (2013) in Vigna radiata. Bhosale and 
Hallale (2011)  induced albino, coppery leaf, light green leaf, variegated leaf, waxy leaf and 
xantha leaf type chlorophyll mutants in Vigna mungo after gamma irradiation. Chlorophyll 
mutations induced by EMS, gamma rays and other mutagens applied individually or in 
combination were reported by Venkateswarlu et al. (1988b) in Catharanthus roseus; Reddy 
and Gupta (1989) in Triticale; Singh and Yadav (1993), A Kumar et al. (2009) and Gandhi et 
al. (2014) in Vigna radiata; Gautam et al. (1992), Vanniarajan et al. (1993), VP Singh et al. 
(1999), Sharma et al. (2006), Senapati et al. (2008) and Sagade and Apparao (2011) in Vigna 
mungo; Tripathi and Dubey (1992) in Lens culinaris; Wani and Anis (2004a) and Barshile et 
al. (2006) in Cicer arietnum; Waghmare and Mehra (2001) and Ramezani and More (2014) in 
Lathyrus sativus; Yadav and Padmaja (2004) in Cajanus cajan; Bhat et al. (2005c) in Vicia 
faba; Khan and Tyagi (2008) in Glycine max; Bolbhat and Dhumal (2009) and Kulkarni and 
Mogle (2013) in Macrotyloma uniflorum; VA Kumar et al. (2009) in Vigna unguiculata; 
Sharma et al. (2010) in Pisum sativum and Gaur et al. (2013) in Capsicum annuum. 
The frequency of induced chlorophyll mutations have been reported to be the 
different in different mutagen treatments. Chemical mutagens in general, have been reported 
to be more effective than physical mutagens in inducing maximum chlorophyll mutations. 
Among the chemical mutagens, EMS was reported to induce higher frequency of chlorophyll 
mutations. The superiority of EMS in inducing chlorophyll mutations at a higher frequency 
than gamma rays and other chemical mutagens was advocated by Hussein et al. (1974), 
Reddy and Gupta (1989), Kharkwal (1998a), Waghmare and Mehra (2001), Shah et al. 
(2006), A Kumar et al. (2009), Wani et al. (2011a), Kulkarni and Mogle (2013) and Gandhi et 
al. (2014). Superiority of gamma rays over EMS in producing chlorophyll mutation has been 
reported by Vanniarajan et al.  (1993), Parveen et al. (2006) and Gaur et al. (2013). 
Combination treatments of EMS and gamma rays induce the maximum frequency of 
chlorophyll mutations. It was advocated by Singh and Yadav (1993) in mung bean, VP Singh 
et al. (1999) and Sharma et al. (2006)  in urd bean, Wani and Anis (2004a) in chickpea, Bhat 
et al. (2005c) in broad bean, Khan and Tyagi (2008) in soybean and Ramezani and More 
(2014) in grass pea. 
 Jain et al. (2005) irradiated the seeds of isabgol var. RI 89 with nine doses of gamma 
rays viz., 15, 30, 45, 60, 75, 90, 105, 120 and 135kR and reported that the frequency of 
chlorophyll mutations increased with increasing doses of gamma rays and recorded highest 
     REVIEW OF LITERATURE 
 
 
 
27
with 135kR. Occurrence of chlorophyll mutants were rare than morphological mutants. 
Xantha type chlorophyll mutants and sterile spikes were produced at higher doses of radiation 
while other mutants were present at almost all the doses of radiation.  
Khalatkar and Bhatia (1975) and Patil (1988) reported the synergistic effects of 
combined treatments of gamma rays and EMS on chlorophyll mutation frequency in barley. 
Similar synergistic effects were also reported in  Phaseolus vulgaris (Agarkova and 
Yakovlev, 1977), Catharanthus roseus (Venkateswarlu et al., 1988b), Vigna mungo (Gautam 
et al., 1992), Cicer arietinum (Wani and Anis, 2004a) and mung bean (Singh, 2007a) in the 
combination treatments of gamma rays and EMS. Reddy (1992) in triticale with combination 
treatments of gamma rays, EMS and SA also noticed some synergistic effects. In some cases, 
the antagonistic effects have also been reported in the combined treatments of gamma rays 
and EMS (Arora and Kaul, 1989). 
 The frequencies of the various types of chlorophyll mutations in different varieties 
with different mutagens have also been found markedly different. Ionizing radiations 
generally produce a higher proportion of albina type mutations than chemical mutagens 
(Gustafsson, 1963; Ando, 1970; Gupta and Yashvir, 1975b; Subramanian, 1980; Cheema and 
Atta, 2003; Karthika and Subbalakshmi, 2006). However, Hemavathy and Ravindran (2005) 
found that the occurrence of albina is less as compared to chlorina and xantha types in gamma 
rays treated population of Vigna mungo. Several workers have reported differential varietal 
response for the induction of chlorophyll mutation (Prasad and Das, 1980; Kharkwal, 1998a; 
Paul and Singh, 2002; Wani and Anis, 2004a; Singh and Rao, 2007; Khan and Tyagi, 2008). 
Contrary to this Sharma and Sharma (1981) observed no varietal or mutagenic differences 
with regard to the spectrum and relative proportion of chlorophyll mutations. 
 Combined treatments of physical and chemical mutagens alter the mutation frequency 
and spectrum (Arnason et al., 1963; Favert, 1963) and have gained a great momentum in the 
recent past in mutation breeding programmes in its usage. Chemical mutagens when 
combined with radiation are not only mutagenic themselves but also affect mutation in 
specific ways (Reddy and Smith, 1984). VP Singh et al. (1999) observed that the combination 
treatments not only yielded the higher frequency but also the wider spectrum of chlorophyll 
mutations. Contrary to this, Mitra and Bhowmik (1999) reported that lower doses of gamma 
rays and EMS showed wider spectrum of chlorophyll mutations in Nigella sativa. 
Different mutagens induced different spectrum of chlorophyll mutations in different 
crops or even in the cultivars. The spectrum of chlorophyll mutations was found to be 
dependent on the genetic background of the genotype (Prasad and Das, 1980). The most 
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frequent occurrence of certain mutants than the others was also reported by various workers in 
different crops. Waghmare and Mehra (2001) noticed that gamma rays and EMS induced a 
wider spectrum of chlorophyll mutations but certain chlorophyll mutations such as chlorina, 
followed by chlorotica and xantha were found more frequent than others, indicating 
preferential induction of certain type of mutations.  Wani and Anis (2004a) reported that 
frequency of xantha mutants was the highest followed by chlorina and other types in 
chickpea. Predominance of xantha types was also reported by A Kumar et al. (2009) in mung 
bean, VA Kumar et al. (2009) in cowpea and Sharma et al. (2010) in garden pea, while Bhat 
et al. (2005c) in broad bean and Senapati et al. (2008) in urd bean noticed the highest 
frequency of chlorina mutants followed by xantha and other types. Singh and Rao (2007) and 
Mishra et al. (2013) in green gram observed that among all the chlorophyll mutants chlorina 
type was the most frequent and sectorial type was the least in both the cultivars studied. Lal et 
al. (2009) in black gram recorded the most frequent occurrence of xantha and dark- xantha 
while striata was the least frequent.            
 Most of the workers supported the view that total mutation frequency and spectrum 
are associated with the dose of mutagens (Prasad and Das, 1980; Reddy and Gupta, 1989; 
Venkatachalam and Jayabalan, 1993; VP Singh et al., 1999; Waghmare and Mehra, 2001; 
Jain et al., 2005; Barshile et al., 2006; A Kumar et al., 2009; Lal et al., 2009; Sharma et al., 
2010; Sagade and Apparao, 2011; Kulkarni and Mogle, 2013; Gaur et al., 2013; Ramezani 
and More, 2014; Gandhi et al., 2014). However, this claim was repudiated by some workers 
(Pipie, 1972; Khan, 1990 and Yamaguchi et al., 2009) who found no relationship between the 
dose of mutagen and the mutation spectrum induced. According to Kaul and Bhan (1977), 
Khan (1986), Reddi and Suneetha (1992), Khan and Siddiqui (1993), Raveendran and 
Jayabalan (1997), Mitra and Bhowmik (1999), Sharma et al. (2006) and Ganapathy et al. 
(2008), the highest dose is not always the most effective treatment i.e., mutation frequency 
increased with an increase in the doses of mutagens but decreased at the highest dose. Wani 
and Anis (2004a) in chickpea reported dose dependent increase in individual treatments of 
EMS and gamma rays but at the highest combination treatment decrease in the frequency was 
noticed. Sharma (1970) reported that chlorophyll mutation frequency decreased at higher 
doses when calculated on the basis of segregating M1 families. However, on the basis of M2 
plants a progressive increase with the increase in EMS doses was observed, while Cheema 
and Atta (2003) in rice reported the maximum frequency of chlorophyll mutations at 
intermediate doses of gamma rays. VA Kumar et al. (2009) observed an inconsistent trend 
with the increasing doses of mutagens in cowpea. Srivastava et al. (1973) in gram (with EMS 
and MMS), Yamaguchi et al. (2009) in rice (with ion beam irradiation) and Pawar et al. 
(2010) in Zingiber officinale (with EMS and gamma rays) reported higher frequency of 
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chlorophyll mutations at medium or lower doses of mutagens, while in black gram, 
Vanniarajan et al. (1993) noticed highest frequency of chlorophyll mutations at intermediate 
doses of EMS and gamma rays. 
2.6. Mutagenic effectiveness and efficiency 
As the main objective of any mutation breeding programme is to obtain desired 
mutations at a maximal rate, choice of the best mutagen applied at an optimum dose level for 
a particular crop taken into study, is evidently a prime consideration for running a meaningful 
programme for genetic improvement of a crop. But generally, the mutagen that gives the 
higher mutation rate, also induces a high degree of lethality, sterility and other undesirable 
effects (Blixt, 1964). For obtaining high efficiency, the mutagenic effect should overcome the 
other effects in the cells such as chromosomal aberrations and other toxic effects which 
reduce cell survival and eliminate the mutation (Girija and Dhanavel, 2009; Vasline and 
Saravanan, 2011). 
The usefulness of any mutagenic agent or a mutagen depends on its ability to induce 
high frequency of desirable changes as compared to undesirable ones. Mutagenic 
effectiveness and efficiency are two reliable parameters in mutation breeding, which are used 
to evaluate the mutagenic effect of a mutagen, which is an index for the appropriate choice. 
Mutagenic effectiveness is a measure of the frequency of mutations (chlorophyll and viable 
mutations) induced by unit dose of a mutagen while mutagenic efficiency gives an idea of the 
proportion of mutations in relation to other associated undesirable biological effects such as 
gross chromosomal aberrations, lethality and sterility induced by the mutagen in question. In 
other words, the higher efficiency of a mutagen indicates relatively less biological damage 
(Konzak et al., 1965; Nerker, 1977). The utility of any mutagen in plant breeding depends not 
only on its mutagenic effectiveness but also on its mutagenic efficiency. From breeder’s point 
of view, mutagenic efficiency has more practical value than mutagenic effectiveness, because 
of the fact that an increase in mutation rate can not be solely achieved at the expense of 
maximum induced biological damage. According to Kaul (1989), the most desirable mutagen 
is one that is least damaging and highly useful mutation yielder.  
A distinction between effectiveness and efficiency of mutagen has been a major 
experimental activity in the past. The purpose of this exercise was to identify criteria by 
which efficient mutagen and mutagenic doses can be selected on the basis of analysis of M1 
parameters (Konzak et al., 1965). The parameters of M1 generation help in comparing the 
effectiveness and efficiency of mutagens, besides identifying the plants with maximum 
genetic damage that are likely to carry the micro-mutations in M2  and M3 generations with 
higher frequency (Gaikwad and Kothekar, 2004). A generalized conclusion from years of 
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fertile academic activity was that none of the M1 parameter reflects mutagen efficiency as a 
uniform criterion. This is not entirely unexpected because induced mutations are the 
manifestations of complex biological events which are profoundly influenced by numerous 
factors like genotype of the treated organism and post mutagenic treatment conditions. 
 Among the monofunctional mutagens, methylating agents are reported to be more 
toxic and thus, need to be used only at lower concentrations (IAEA, 1970; Fugimoto and 
Yamagata, 1982; Khan and Siddiqui, 1992) as against ethylating agents that are reported to be 
less toxic and can be applied at relatively higher concentrations to yield more mutations.  
 Comparative mutagenic effectiveness and efficiency of physical and chemical 
mutagens applied singly or in combination have been studied in various crops such as Oryza 
sativa (Jana and Roy, 1975; Rao and Rao, 1983),  Lathyrus sativus (Nerkar, 1977; Kumar and 
Dubey, 1998b; Waghmare and Mehra, 2001), Lens culinaris (Sharma and Sharma, 1979a; 
Sharma, 1990; Gaikwad and Kothekar, 2004), Vigna mungo (Gautam et al., 1992; Lal et al., 
2009), Vigna radiata (Nandanwar et al., 2001; A Kumar et al., 2009; Mishra and Singh, 
2014), Vigna unguiculata (Banu et al., 2001; Girija and Dhanavel, 2009; VA Kumar et al., 
2009; Nair et al., 2014), Cicer arietinum (Kharkwal, 1998b; Barshile and Apparao, 2006; 
Shah et al., 2008; Wani, 2009; Mullainathan and Umavati, 2014), Plantago ovata (Jain et al., 
2005; Mishra and Khan, 2014), Trigonella foenum-graecum (Koli and Ramkrishna, 2002; 
Parveen et al., 2006; Bashir et al., 2013c), Cyamopsis tetragonoloba (Bhosle and Kothekar, 
2010), Pisum sativum (Sharma et al., 2010; Dhulgande et al., 2011), Glycine max (Rathod et 
al., 2004; Khan and Tyagi, 2008, 2010a; Satpute and Fultambkar, 2012), Helianthus annuus 
(Kumar and Ratnam, 2010), Solanum lycopersicum (Sikder et al., 2013) and Catharanthus 
roseus (Mangaiyarkarasi et al., 2014).  
Effectiveness and efficiency are the two different properties of mutagens. A highly 
effective mutagen may not necessarily show high efficiency and vice versa. But the utility of 
any mutagen in plant breeding depends both of them. Both, the mutagenic effectiveness and 
efficiency show differential behaviour depending upon mutagen and its applied doses as well 
as varietal type (Kharkwal, 1998b). Two agents may be equal in effectiveness because they 
induce the same frequency of a given mutation at a given dose, but when they differ in their 
effects on gross chromosomal aberrations, sterility, lethality etc., they may be said to differ in 
their mutagenic efficiency (Sharma and Sharma, 1979a). Synergistic as well as antagonistic 
effects may occur when various physical and chemical mutagens are used in combinations 
(Gautam et al., 1992). 
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There have been a number of reports revealing that the effectiveness and efficiency of 
mutagens vary to a greater extent in various crops. According to some workers chemical 
mutagens were generally proved to be more effective than the physical mutagens and their 
combination treatments if given (Nerkar, 1977; Sharma and Sharma, 1979a; Solanki, 1991; 
Raveendran and Jayabalan, 1997; Solanki and Sharma, 1999b; Koli and Ramkrishna, 2002; 
Paul and Datta, 2006; Shah et al., 2006, 2008; A Kumar et al., 2009; Bhosle and Kothekar, 
2010;  Dhulgande et al., 2011; Satpute and Fultambkar, 2012; Mangaiyarkarasi et al., 2014; 
Mishra and Khan, 2014), while some reported the effectiveness of physical mutagens over the 
chemical mutagens provided singly or in combinations (Gautam et al., 1992; Nandanwar et 
al., 2001; Rathod et al., 2004; Parveen et al., 2006; Khan and Tyagi, 2008; Sikder et al., 
2013). Wani (2009), Lal et al. (2009) and Kumar and Ratnam (2010) reported the 
effectiveness of combined treatments over the individual treatment of chemical and physical 
mutagens. More efficiency of physical mutagens than the chemicals and their combinations 
was noticed by Nerkar (1977), Vanniarajan et al. (1993), Koli and Ramkrishna (2002), Paul 
and Datta (2006), Wani (2009) and Satpute and Fultambkar (2012), whereas the reverse 
situation was reported by Gautam et al. (1992) and Lal et al. (2009). Higher efficiency of 
combination treatments has also been reported in barley (Khalatkar and Bhatia, 1975).  
According to Kharkwal (1998b) chemical mutagens were not only more effective but 
also efficient than physical mutagens in inducing chlorophyll as well as viable and total 
number of mutations in Cicer arietinum. He noticed that among the mutagens (gamma rays, 
fast neutrons, EMS and NMU), NMU was the most potent, while between physical mutagens, 
gamma rays were more effective. Out of four mutagens, NMU was the most effective and 
efficient in inducing a high frequency and wide spectrum of chlorophyll mutations in M2 
generation in chickpea followed by fast neutrons. While gamma rays showed least 
effectiveness, EMS was the least efficient mutagen. Similar results were observed by Sharma 
(1990) who reported that NMU was not only 1.25-2.00 times more effective than gamma-rays 
but also the efficient mutagen in Lens culinaris. Shah et al. (2008) in Cicer arietinum detected 
that EMS was almost 7 times more effective and its efficiency was 2 times higher than that of 
gamma rays. Waghmare and Mehra (2001) in Lathyrus sativus, Girija and Dhanavel (2009) in 
Vigna unguiculata, Mullainathan and Umavati (2014) in Cicer arietinum and 
Mangaiyarkarasi et al. (2014) in Catharanthus roseus also reported the effectiveness and 
efficiency of EMS over gamma rays. Kumar and Dubey (1998b) opined that the efficiency of 
individual EMS and DES treatments was 2 to 3 times higher in comparison to most other 
mutagenic treatments and EMS proved to be more effective than DES and combinations in 
Lathyrus sativus. DS Kumar et al. (2003) tested two mutagens gamma rays and EMS on lima 
bean (Phaseolus lunatus) for assessing their sensitivity and found that EMS is more effective 
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in producing extreme chlorophyll mutants while gamma rays produced more viable mutants 
including early maturing plants, dwarfness and higher yielder. Gaikwad and Kothekar (2004) 
reported that EMS was more efficient than SA in Lens culinaris, while Bhosle and Kothekar 
(2010) stated that SA was proved to be more effective and EMS proved to be more efficient 
in cluster bean (Cyamopsis tetragonoloba). Bashir et al. (2013c) reported the effectiveness 
and efficiency of EMS over SA and gamma rays in Trigonella foenun-graecum, while 
Kulkarni and Mogle (2013) reported higher effectiveness and efficiency of EMS than SA and 
NMU in Macrotyloma uniflorum.  
Banu et al. (2001) observed varietal difference with regard to mutagenic efficiency of 
EMS and gamma rays in two varieties of cowpea. EMS was found to be efficient in giving 
maximum mutations in Co-6, while in VBN 1, gamma ray treatments were noticed to be 
efficient in providing more mutations. Differential response of varieties and doses of 
mutagenic treatments in induction of macromutations was observed by Mishra and Singh 
(2014) in green gram using gamma rays. 
Higher mutagenic effectiveness and efficiency at lower concentrations/doses of 
mutagens was reported in Lathyrus sativus (Nerkar, 1977; Waghmare and Mehra, 2001), Lens 
culinaris (Sharma and Sharma, 1979a), Vigna unguiculata (Banu et al., 2001; VA Kumar et 
al., 2009) and Cicer arietinum (Shah et al., 2008). Decrease in effectiveness and efficiency 
with the increasing concentrations/doses of mutagens was reported by Koli and Ramkrishna 
(2002) in Trigonella foenum-graecum, Barshile and Apparao (2006) in Cicer arietinum, 
Girija and Dhanavel (2009) in Vigna unguiculata, Bhosle and Kothekar (2010) in Cyamopsis 
tetragonoloba, Satpute and Fultambkar (2012) in Glycine max and Mishra and Singh (2014) 
in Vigna radiata. Sikder et al. (2013) reported the mutagenic efficiency of lower 
doses/concentrations was more as compared to higher doses in producing desirable mutants in 
Solanum lycopersicum. 
Gaikwad and Kothekar (2004) in lentil noticed that in case of EMS, the mutagenic 
effectiveness increased with an increase in concentration in cv. L-4611 but decreased in L- 
4639, whereas in case of SA the mutagenic effectiveness showed an increasing trend with the 
increase in concentrations in both the cultivars. Wani (2009) in chickpea and Mishra and 
Khan (2014) in isabgol with EMS, gamma rays and their combination treatments also 
reported an increase in mutagenic effectiveness with the increase in dose/treatment while, 
mutagenic efficiency varied depending upon the criteria selected for its estimation and the 
degree of efficiency of various mutagens also showed variation. Intermediate treatments in 
general, were found more efficient in causing less biological damage and inducing maximum 
amount of mutations. Rangaiah et al. (2004) in chilli also observed no definite trend regarding 
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the effectiveness and efficiency. Jain et al. (2005) studied the effectiveness and efficiency of 
gamma rays in isabgol by using nine doses viz., 15, 30, 45, 60, 75, 90, 105, 120 and 135kR 
and observed that mutagenic effectiveness and efficiency was high at low to moderately high 
doses of gamma rays (15 to 90kR), thereafter, it decreased. The 15kR dose was most effective 
treatment while the efficiency measured on percent seedling height reduction and reduction in 
pollen fertility was maximum at 75kR and 45kR, respectively. It was also maximum at 75kR 
both on percent reduction in seedling height and pollen fertility basis. Kumar and Ratnam 
(2010) in sunflower observed a decrease in mutagenic effectiveness with an increase in 
doses/concentrations of gamma rays and SA but noticed a gradual increase in mutagenic 
effectiveness with the increasing doses of combined treatments, while mutagenic efficiency 
decreased gradually with an increase in doses. Mullainathan and Umavati (2014) reported 
increase in mutagenic effectiveness with an increase in EMS and gamma rays treatments in 
chickpea. 
2.7. Morphological mutations 
Any types of alterations in the morphological pattern of plants through mutagens are 
considered as morphological mutations. According to Kharkwal (2000) and Datta and 
Sengupta (2002), plant type mutations have been attributed to changes in the ‘major genes’. 
From breeders’s point of view, morphological mutations affecting important plant attributes 
prove to be promising in many cases. They play a vital role in modifying the characteristics of 
cultivars for the construction of ideotype leading to the development of new varieties of 
crops. According to Pawar et al. (2010) for the development of improved varieties such 
mutants were found to be more productive, when used in cross breeding.  
Several morphological mutants named on the basis of the plant parts affected i.e., 
plant height, growth habit, maturity, leaf shape and number, flower, pod/spikes and seeds 
features and yield were reported with the application of single and combination treatments of 
physical and chemical mutagens in various crops as Lathyrus sativus (Vandana and Dubey, 
1993; Girhe and Chaudhary, 2002), Nigella sativa (Datta and Biswas, 1986), Lens culinaris 
(Solanki and Sharma, 1999b; Gaikwad and Kothekar, 2003; Solanki, 2005), Trigonella 
foenum-graecum (Datta and Laxmi, 1992), Oryza sativa (Singh et al., 1998; Singh, 2006), 
Coriandrum sativum (Datta and Sengupta, 2002), Cicer arietinum (Sharma and Kumar, 2003; 
Barshile et al., 2009), Vigna mungo (VP Singh et al., 1999; Kumar et al., 2007; Gahlot et al., 
2008; Bhosale and Hallale, 2011), Vigna radiata (Tah, 2006; A Kumar et al., 2009; Mishra et 
al., 2013; Mishra and Singh, 2014), Vigna unguiculata (VA Kumar et al., 2009); Glycine max 
(Rathod et al., 2004; Khan and Tyagi, 2010b),  Ocimum sanctum (Nasare, 2011), Sesamum 
indicum (Mary and Jayabalan, 1995; Vasline and Saravanan, 2011), Macrotyloma uniflorum 
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(Bolbhat and Dhumal, 2012), Plantago ovata (Lal and Sharma, 2000, 2002),  Pisum sativum 
(Sharma et al., 2010), Abelmoschus esculentus (Jadhav et al., 2013) and Corchorus olitorius 
(Mandal and Datta, 2014). Among all these mutants early maturing, high yielding, dwarf, non 
shattering pods and bold seed type had the potential to be incorporated into breeding 
programmes (Girhe and Chaudhary, 2002; Gaikwad and Kothekar, 2003; Kulthe and 
Kothekar, 2006; Khan and Tyagi, 2010b; Nasare, 2011). 
Lal and Sharma (2000) isolated five most interesting mutant plants namely club 
shaped inflorescence, long panicle, small and more panicles, very long feathery inflorescence, 
branched inflorescence and high panicle mutant in M2 generation of isabgol, which were 
found to be true breeding in M3 and other following generations. Lal and Sharma (2002) 
while working with the same experiment isolated a wide range of viable morphological 
mutants in isabgol and observed that the spectrum of viable mutations was wider. The 
interesting mutants isolated were broad leaves/lac panicle, narrow leaves and feathery 
inflorescence, branched panicle base mutants and different types of inflorescence mutants, all 
of which showed true breeding behaviour in M3 and subsequent generations. 
Gaur and Gaur (1999) induced a fascinated mutant in chickpea with EMS treatments 
which were characterized by broad and flat stem, irregular leaf arrangement and clustering of 
pods at the stem tip, delayed maturity, larger seed size and low yield as compared to its 
parental cultivar. Kar and Swain (2002) isolated the fascinated stem mutants characterized by 
flat ribbon like stems with EMS, NG, gamma rays and their combinations in sesame. 
Waghmare and Mehra (2000) induced fibrous root mutant in grass pea with gamma rays, 
which is an exception to dicotyledonary crop plant characteristics that have tap roots. Such 
mutants do not have much relevance in crop improvement and are of mainly academic 
interest. These mutants may be of value in establishing phylogenetic relationship across the 
genus and sections. Kumar (2002) isolated a mutant with unbranched growth habit in M2 
generation of moth bean from gamma rays treatment. However, in better rainfall, it may give 
rise to one or two rudimentary unfertile primary branches only. Talukdar and Biswas (2006) 
detected a mutant plant with striking variations in flower colour and shape of stipule in post 
irradiated M3 progeny of grass pea. These modified colour and stipule characters had 
transmitted in the succeeding selfed generations without any alterations. Singh and Balyan 
(2009) isolated different types of mutants characterized by reduced plant height, square head, 
awnless  ear, amber seed colour, bold seeds and storage capacities through mutagenesis with 
gamma rays  in M2  generation of bread wheat. 
Based on segregation pattern of morphological mutants, it was observed that true 
breeding mutants were generally conditioned by single recessive genes (Reddy and Gupta, 
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1988; Thakur and Sethi, 1993). However, Konzak et al. (1969) argued that the different 
morphological mutants like tall, dwarf, semi-dwarf, bushy, prostate and bold seeded types, 
which bred true in future generations were found to be under the influence of polygenes. 
According to Sharma (1970), the presence of more than one mutation in a single plant is 
termed as ‘multiple mutation’. He opined that mutagenic agents with higher mutagenic 
efficiency induce more multiple mutations and such mutations may accumulate several 
desirable mutations within one plant. Multiple mutations have been reported earlier by 
Kharkwal (1999) in Cicer arietinum, Odeigah et al. (1998) and VA Kumar et al. (2009) in 
Vigna unguiculata and Auti and Apparao (2009) in Vigna radiata. Pleiotropic effect of 
morphological mutations was reported by Deshmukh et al. (1972). According to Blixt (1972) 
morphological changes are either as a result of pleiotrophic gene action or of cryptic 
chromosomal deletions.  
Most of the workers reported that the frequency of morphological mutations was 
found to be increase with an increase in the doses of mutagens (Gautam et al., 1992; Vandana 
and Dubey, 1993; Rathod et al., 2004; Barshile et al., 2009; Mishra et al., 2013). Jain et al. 
(2005) also observed the same results in isabgol, while the reverse situation was noticed by 
DS Kumar et al. (2003) in Phaseolus lunatus. Datta and Sengupta (2002) reported that 
spectrum of viable mutations was wider at lower doses of mutagens. VP Singh et al. (1999) in 
urd bean and Singh (2006) in rice observed the independent response of mutagenic treatments 
towards the macro mutations. Thus, the spectrum and frequency of morphological mutations 
vary with mutagen and duration of treatment (Kumar and Mani, 1997) and the genetic 
differences of the experimental organism play a role in the recoverable frequency and 
spectrum of morphological mutations (Kharkwal, 1999; Sharma, 2001; Khan et al., 2004a). 
Barshile et al. (2009) in chickpea and Sharma et al. (2010) in garden pea reported the high 
frequency of viable mutations in EMS treatments than the other mutagens. Mangaiyarkarasi et 
al. (2014) reported that the frequency of mutations was more in EMS than gamma rays, while 
Sikder et al. (2013) reported highest mutation frequency in gamma rays followed by 
combination treatments and EMS alone. 
2.8. Desirable mutants   
Isolation of desirable mutants showing improvement over parent genotype for 
different characters of interest is one of the important aspects of induced mutagenesis and 
reported by many workers in different crops following treatments with physical and chemical 
mutagens.    
Lal and Sharma (2000) isolated a promising mutant on the basis of quality and 
quantitative characters after gamma irradiation in isabgol which were later released as variety 
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Niharika for commercial cultivation in north Indian plains. Lal and Sharma (2002) isolated a 
promising mutant FEA-5 in isabgol with early maturity and high seed and husk yield at 20kR 
dose. 
Misra et al. (2000) isolated one light yellow corolla mutant with light purple eye at 
the base of flower (with respect to control flower with dark yellow corolla with dark purple 
eye) was detected at 20kR dose of gamma rays in Abelmoschus moschatus. That mutant 
showed variation in some of the oil constituents and morpho-metric traits and has been used 
for recombinant breeding to enhance the seed productivity and oil quality of muskdana. Joshi 
and Verma (2004) isolated a mutant plant with exceptionally big pods and seeds from gamma 
rays exposed M2 population of Vicia faba at 5kR dose. The mutant showed a remarkable 
increase in mean pod length and girth in both M2 and M3 generations over the control. The 
100-seed weight of the mutant was about 4 times than that of control. Badere and Choudhary 
(2004) isolated some desirable mutants with regard to high yield (high seed number and high 
100-seed weight), high oil and protein content in M2 and M3 generations of Linum 
usitatissimum using gamma rays, SA and EMS.  Khan and Wani (2004) isolated few mutants 
of Vigna radiata, following treatments with EMS, SA and MMS, which were distinctly much 
superior to others with regard to seed yield per plant and yield attributing traits in M2 and M3 
generations. Sengupta and Datta (2004a) isolated eleven desirable macromutants namely, 
viridis (seedling colour as marker, increased seed protein content), broad leaf (high capsule 
number/plant), thick leaf and diffused branching (enhanced number of capsules with high 
amount of seed protein and fatty oil content), early flowering (synchronous maturity, 
enhanced fatty oil content), white flower (marker trait), globular fruit (enhanced number of 
seeds/capsule with high oil content in seed), non-shattering capsule (intensed pigmentation on 
flowers as marker trait, dark reddish brown seed-coat I and II (high oil content) and bold 
seeded (high protein content) in Sesamum indicum using chemical mutagens EMS, dES, 
HNO2, NH2OH, DMSO, NaN3(SA) and H2O2. 
Sharma et al. (2007) isolated eight double mutations for seed and pod colour in varied 
frequencies in M2 generation of Vigna mungo following treatments with EMS, gamma rays 
and their combinations. The mutants with black shining seeds and black pods were found with 
the highest frequency followed by golden shining seeds and black pods which are preferred 
by the farmers as compared to rough black seeds with black pods of control. It was observed 
that 4 mutants out of 8 showed high yield as compared to parent and 6 out of 8 showed 
increased in protein content. Such seed and pod colour mutants accompanied with higher 
grain yield and high protein content may be used as a variety or breeding line directly and 
indirectly for the future improvement in urd bean. 
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Lal et al. (2007) invented a new distinct early maturing, high seed and husk yielding 
variety of Plantago ovata designated as var. Mayuri from gamma rays treated population at 
20kR. It is having distinct pigment marker of the panicles relatable to the maturity and 
thereby indicating the right harvesting stage to prevent the seed shattering, a major problem in 
isabgol.  
Sharma et al. (2008) isolated narrow leaf mutant exhibited significantly higher 
yield/plant as compared to the parent and other mutants after EMS, gamma rays and 
combination treatments in Vigna mungo. Basu et al. (2008) developed a useful mutant after 
EMS treatments in fenugreek exhibiting early seed maturity coupled with high seed yield, 
seed quality and determinate growth habit. 
Manivel and Saravanan (2010) isolated an early maturing mutant DPO-14 with other 
desirable traits such as high seed yield, uniform seed maturation and high harvest index at 
0.4% DES treated M2 generation of isabgol cultivar GI-2. In M3 generation, the mutant bred 
true and all the plants showed the early maturity. It can be an important source for developing 
early maturing high yielding isabgol varieties with desirable quality.  
Malek et al. (2012) developed two high yielding mutant varieties of Brassica juncea 
i.e., Binasarisha-7 and Binasarisha-8 for commercial cultivation, which showed tolerance 
against Alternaria blight disease and had low aphid infestation, through gamma rays 
irradiation of the well adapted and popular mustard variety BARI sarisha-11. 
2.9. Induced variability for quantitative traits 
The availability of ample genetic variability is pre-requisite for attempting selection 
in plant breeding to develop desired plant types in any crop. According to Banu et al. (2002) 
any character can be improved through the processing of the genotype that has the 
accumulation of both the so-called positive and negative genes. For this induced variability is 
a perfectly suitable for subjecting the genotype for artificial selection especially for the 
improvement of quantitative characters contributing to yield.  
The inheritance of quantitative character is controlled by the interaction of many 
genes or polygenes out of which, each single gene contributes little to the total phenotypic 
variability. The significance of micro-mutations in the evolution was first recognized and 
emphasized by Baur (1924) and later it has been studied by many workers in different crop 
plants. The usefulness of radiation and chemical mutagens for inducing mutations in 
polygenic characters was realised after the work of Gregory (1955) in peanuts. Gaul (1965) 
has emphasized the significance of micro mutations in plant breeding by stating that all the 
morphological and physiological characters are affected by micro-mutations and they might 
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have higher mutation rates than the macro-mutations. The relative incidence of induced 
polygenic variations through induced mutagenesis in negative or positive direction and shift 
of the mean in M2 and later generations is a point of difference in the opinion of different 
workers (Brock, 1965; Goud, 1967a; Faulkner, 1978; Rao et al., 1988; Siddiqui and Singh, 
2010). Since induced variability for different quantitative traits in crop plants is heritable and 
the response of the selection seems good (Frey, 1969), many workers believe that induced 
mutations can be used to generate useful variation in quantitatively inherited traits where 
appropriate selection is applied for crop improvement (Brock, 1970; Chakrabarti, 1975; Kaul 
and Kumar, 1983; Khan, 1984b; Tickoo and Chandra, 1999; Khan et al., 2004b; MacKay, 
2010).  
The practical value of induced mutagenesis has been well established, in creating 
successful genetic variability for several desired traits in plant improvement programmes, and 
has been demonstrated by many workers in different crops such as Lens culinaris (Sarkar and 
Sharma, 1987), Capsicum annuum (Shah et al., 1986), Lycopersicon esculentum (Jayabalan 
and Rao, 1989), Glycine max (Kundi et al., 1997), Papaver somniferum (Sharma et al., 1997), 
Vigna radiata (Tickoo and Chandra, 1999; Tah, 2006; Singh and Rao, 2008), Vigna mungo 
(VP Singh et al., 2000; Senapati and Misra, 2009; Sri Devi and Mullainathan, 2012), Vigna 
unguiculata (Banu et al., 2002; VA Kumar et al., 2009; Girija and Dhanavel, 2013), Plantago 
ovata (Mittal et al., 1975; Bhagat and Hardas, 1980; Sareen and Koul, 1991, 1999; Sareen et 
al., 1999; Lal et al., 1999; Lal and Sharma, 2000; Sivaneson and Ranwah, 2009; Prabha et al., 
2011), Cicer arietinum (Kharkwal, 2001; Wani and Anis, 2004b), Foeniculum vulgare 
(Mahla and Ramkrishna, 2002), Sesamum indicum (Sengupta and Datta, 2004b), 
Abelmoschus esculentus (Singh and Singh, 2004), Macrotyloma uniflorum (Bolbhat and 
Dhumal, 2009), Oryza sativa (Wattoo et al., 2012), Brassica napus (Khan et al., 2014) and 
Crocus sativus (Salwee and Nehvi, 2014). Both physical and chemical mutagens were used 
alone or in combinations for generating variability in quantitative traits like plant height, 
flowering and maturity period, number of fertile branches, pods or spikes per plant, pod/spike 
length,  seed weight, biological yield, number of seeds per pod or spike, yield and harvest 
index.  
Selecting only normal looking M2 plants to M3 generation and apply the first dose of 
selection in M2, is a common practice in induced mutagenesis and is being adopted by most of 
the breeders, after the elaborative and successful work of Brock (1965). This methodology 
has been supported by Gupta and Swaminathan (1967), Tickoo and Jain (1979), Sharma 
(1986) and Wani and Khan (2006). They concluded that the promising progenies can be 
identified with high degree of confidence in M2 on the basis of mean and variance. However, 
M2 families on the basis of significantly changed mean only were selected by Jana and Roy 
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(1973). Sneep (1977), Saini and Gautam (1990), Sharma (1997), Micke (1999) were of view 
that the selection for quantitative traits, such as yield and yield attributing characters, should 
preferably be carried out in early generation, since most of the desired combinations of 
favourable alleles are likely to be lost in advanced generations due to intensive or even no 
selection for other traits. Many other plant breeders also advocated for the early generation 
selection for quantitative traits. The efficiency of early generation (M2) selection in mutation 
breeding experiments has been reported in the crops like lentil (Solanki and Sharma, 2002), 
mungbean (Tickoo and Chandra, 1999), sesame (Sheeba et al., 2003) and soybean 
(Nakagawa, 2009; Pavadai et al., 2010; Nakagawa et al., 2011). 
Mittal et al. (1975) carried out a study on tetraploid and diploid plants of Plantago 
ovata through tetraploidy and mutation breeding. Eight accessions of tetraploid were obtained 
from the USA and single plant selection was made. Tetraploidy was also induced by treating 
the seeds of IC-7739-28, an indigenous material by 0.2% colchicine solution for 8 hours and 
for mutagenic effects seeds of a true breeding accession IC-7739 were treated with EMS and 
NMU. It was observed that seed size in tetraploids was increased by 65% over than the 
diploids and in EMS and NMU induced mutagenic progenies swelling factor was also 8% 
higher. But the tetraploid matured later and gave less seed yield. The mutagenic progenies on 
the other hand, were early and showed pronounced improvement in tiller number, spike 
number and spike length, as well as seed yield, which was 40.4% higher than that in diploids.  
Bhagat and Hardas (1980) studied the induced and natural polygenic variation among 
and within the diploid (induced, introduced and indigenous) and tetraploid populations for the 
four polygenic characters, viz., tiller number, productive spikes, spike length (cm) and seed 
yield (g) in Plantago ovata and observed that indigenous diploid collection from Gujarat 
showed comparable means and variation in relation to diploid exotic population. The mutated 
diploid populations were highly variable. The frequency of favourable genotypes for seed 
yield and other related traits was high in population derived from NMU treatment followed by 
EMS treatment. Genetic variation in tetraploid population was narrow as compared to that in 
other population. 
Sareen and Koul (1991) studied the effect of gamma rays (20, 40, 60, 80, 100, 120, 
140kR) on various phenotypic traits, including those related to seed yield in isabgol. Studies 
indicated that Plantago ovata is radio-resistant. Gamma rays induced alteration in mean and 
variance of yield related characters which can be exploited to select superior genotypes in this 
conservative crop. They again conducting a mutation breeding programme in 1999 for the 
improvement of Plantago ovata using two mutagens i.e.,  gamma rays (20, 40, 60, 80, 100, 
120 and 140kR) and EMS (0.01, 0.05, 0.10, 0.25 and 1.00% for 18 h each). Results obtained, 
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indicated that 20kR dose of gamma rays boosted the seed yield by more than 200%. The 
experiments were repeated during years between 1993-1995 and the results were confirmed.  
Lal et al. (1999) studied induced variability and varietal selection in isabgol after 
irradiating the dry seeds (3 generations selfed) with gamma rays (10-100kR at the interval of 
10kR) and also subjected to chemical mutagenic treatment by EB (ethidium bromide) in 
isolation as well as in combination with gamma rays dose 20kR (i.e. 20kR +0.2% EB). It was 
observed that mutagenesis induced changes in mean values for different agronomic traits in 
both positive and negative directions and hence, selection of economically viable strains was 
possible Lal and Sharma (2000) with the same doses/concentration of gamma rays and EB 
individually and in combination i.e., 10-100kR doses of gamma rays at 10kR dose interval, 
0.2% EB and 20kR+0.2% EB, also observed that mutagenesis resulted in useful qualitative 
and quantitative variations and changed the mean values for different agronomical traits in 
both positive and negative directions in isabgol. 
2.10. Quality parameters 
Sharma and Koul (1986) evaluated the various wild species of Plantago ovata for 
mucilage content, seed size, seed weight and swelling factor. Sangwan et al. (1992) described 
the variability in quality characteristics viz., husk content, 100-seed weight, swelling factor 
and proximate principles i.e., protein, fatty oil, carbohydrate ash, acid insoluble ash and 
moisture content of 43 genotypes of Plantago ovata and also studied the correlation between 
all these traits. Sivaneson and Ranwah (2009) evaluated 33 M6 progenies (γ rays treated) 
along with two checks viz., RI 89 and GI 2 of isabgol for seed and husk yield and its 
component characters and also studied the correlation between different traits.  
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CHAPTER - 3 
MATERIALS AND METHODS 
Information on the materials used and methods applied during the present study are 
summarized in this chapter. 
3.1. Experimental site and its agro climatic conditions 
The experiments were conducted at Agriculture farm, F/O Agricultural Sciences, 
A.M.U., Aligarh in rabi season of 2008-2010. The area is semi-arid and sub-tropical with hot 
dry summers and cold winters. The average rainfall in this district is 847.30 mm. More than 
85% rainfall occurs from mid July to September. During the summer, the average temperature 
is 35°C and during the winter, the average temperature is 15°C. The soil of Aligarh is sandy 
loam and alkaline. 
3.2. Materials 
3.2.1. Varieties used 
Two varieties of isabgol (Plantago ovata Forsk.) viz., var. Mayuri and var. Niharika 
were used in the present study. Seeds of both the varieties were procured from the Central 
Institute of Medicinal and Aromatic Plants (CIMAP), Lucknow, Uttar Pradesh, where these 
varieties have been developed and then released for commercial cultivation in the plains of 
north India (Lal et al., 2005). A brief description of the main distinguishing characters of 
these varieties is given below:  
 Table 1: Salient features of the isabgol varieties used in the present study 
S. No. Attributes Var. Niharika Var. Mayuri 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
 
12 
Plant height (cm) 
Days to flowering (50%) 
Leaves 
Growth habit 
No. of panicles/plant 
Length of spike (cm) 
Days to maturity 
Seed yield (q/ha) 
Seed husk yield (q/ha) 
Swelling index 
Colour of panicle during maturity 
(Marker/Indicator trait) 
Year of release 
45.00 
72 (medium) 
Broad, dark green 
Closed 
90 
6.00 
120-130 
9.575 
2.39 
441.70 
Green (none) 
 
1998 
40.00 
65 (early) 
Thin, light green 
Semi-closed 
110 
5.80 
100-110 
13.486 
3.03 
443.80 
Grey-purple (distinct) 
 
2003 
Source: United States Plant Patent US PP17, 505 P3 (Lal et.al, 2007) 
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3.2.2. Mutagens used 
The following two chemical and physical mutagens were used individually as well as 
in combination: 
(i) Chemical mutagen: Ethyl Methane Sulphonate (EMS) (CH3SO3C2H5): A 
monofunctional alkylating agent, having molecular weight 124.16, manufactured by Sissco 
Research Laboratories Pvt. Ltd., Mumbai, India. 
(ii) Physical mutagen: Gamma rays (γ rays): The most commonly used ionizing radiation 
obtained from radioactive isotope Cobalt-60 (60Co). The air dried seeds of both the varieties 
were exposed to different doses of γ rays from 60Co source at National Botanical Research 
Institute (NBRI), Lucknow at the dose rate of 4kR/ minute. 
 The following concentrations/doses of EMS and γ rays were used for the individual 
and combination treatments in the present study: 
Table 2: Concentrations/doses of the mutagens used 
Mutagen Concentration (%)/ Dose (kR) 
Control - 
EMS 0.1, 0.2, 0.4, 0.6, 0.8, 1.0 
γ rays 15kR, 30kR, 45kR, 60kR, 75kR, 90kR 
Combination 
(γ rays+EMS) 
45kR+0.1%, 45kR+0.2%, 45kR+0.4%, 45kR+0.6% 
 
The concentrations/doses of the mutagens, used in the present study, were 
standardized on the basis of LD50 results from seed germination test (Table 3, Graph 1). 
Table 3: Evaluation of LD50 values of EMS, γ rays and their combinations for Plantago 
ovata Forsk. vars. Mayuri and Niharika 
Mutagen Treatment Seed germination (%) in var. Mayuri 
Seed germination (%) in 
var. Niharika 
 Control 
 
86.67 94.00 
EMS 
0.1% 82.67 92.67 
0.2% 80.67 90.00 
0.4% 77.33 87.33 
0.6% 72.00 80.67 
0.8% 68.00 76.67 
1.0% 58.67 65.33 
1.2% 47.33 49.33 
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γ rays 
15kR 84.00 91.33 
30kR 81.33 88.67 
45kR 77.33 84.67 
60kR 74.00 81.33 
75kR 68.67 75.33 
90kR 60.00 62.67 
105kR 48.00 46.67 
    
γ rays+EMS 
45kR+0.1% 79.33 88.00 
45kR+0.2% 76.00 84.67 
45kR+0.4% 69.33 78.67 
45kR+0.6% 59.33 65.33 
45kR+0.8% 46.00 48.67 
45kR+1.0% 42.67 41.33 
45kR+1.2% 35.33 38.00 
 
3.3. Methods 
3.3.1. Treatment with mutagens 
Healthy, dry (8-9% moisture content) and uniform sized seeds of both the varieties of 
Isabgol were subjected to the following mutagenic treatments:  
3.3.1.1. EMS treatment 
For EMS treatment 0.1, 0.2, 0.4, 0.6, 0.8 and 1.0% concentrations were used in the 
present study. These concentrations of EMS were made by using the stock solution of 1% 
EMS prepared in phosphate buffer having the pH value 7.0 and final pH was adjusted to 7.0 
by adding few drops of 1N NaOH/HCl with the help of Backman’s pH meter. Desired 
concentrations of EMS were prepared from this stock solution by using the following 
formula: 
  S1V1 = S2V2 
Where,    S1 = Strength of stock solution   
 V1 = Volume of stock solution 
 S2 = Strength of desired solution 
 V2 = Volume of desired solution 
 The specificity of the action of chemical mutagen depends upon the particular 
conditions of treatment, the more important of which are temperature, duration of treatment 
and hydrogen ion concentration of the mutagenic solutions. Only freshly prepared solutions of 
EMS should be used because alkylating agents are very reactive, even with water. Hydrolysis 
usually gives rise to compounds that are no longer mutagenic but toxic to biological tissues. 
This means that the mutagen solution must be prepared just before the use and never stored. 
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 Prior to the mutagenic treatments, seeds of both the varieties were presoaked in 
distilled water for 6 hours at room temperature (25±1°C) in order to initiated the physiological 
activities in their embryo. Presoaking also facilitates the uptake of mutagen by increasing cell 
permeability. 
 After the presoaking period was over, the seeds were kept on the blotting paper so as 
to remove the small droplets of water adhering to the surface of seeds. Thereafter, the seeds 
were treated with different concentrations of EMS for 6 hours at room temperature (25±1°C). 
Intermittent shaking was done throughout the treatment period to facilitate sufficient aeration. 
For uniform absorption, large quantities of mutagenic solutions, approximately three times the 
volume of seeds (Konzak et al., 1965) were used. After the treatment period was over, the 
treated seeds were thoroughly washed in running tap water as to remove the residual effect of 
the mutagen sticking to the seed coat and then the extra moisture was blotted off. 
3.3.1.2. Gamma irradiation  
 For gamma irradiation seeds were irradiated with six doses of γ rays (i.e., 15kR, 
30kR, 45kR, 60kR, 75kR and 90kR), from 60Co source at the dose rate of 4kR/minute. 
3.3.1.3. Combination treatments (γ rays+EMS) 
 For the combination treatments, 45kR dose of γ rays was combined with the first four 
concentrations (i.e., 0.1%, 0.2%, 0.4% and 0.6%) of EMS for 6 hours in the same way as in 
case of individual chemical mutagenic treatments. 
3.3.2. Control 
 One set of seeds in each variety was kept untreated to act as control for comparison 
with the treated populations. The control seeds, although not treated with any mutagen, they 
were also presoaked in distilled water for 6 hours, in order to expose them to similar 
physiological activities as that of treated seeds, before sowing. 
3.3.3. Sample size  
 A set of 450 seeds was used for each concentration/dose of mutagens as well as 
control for each variety. Out of which, 150 seeds from each treatment along with control, of 
both the varieties were used for the BOD experiment to study the seed germination and 
seedling height and the remaining 300 treated seeds from each mutagenic treatment along 
with their respective controls were sown in the field to raise M1 generation for morphological 
and cytological studies. 
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3.4. Handling of treated material in different generations 
3.4.1. Raising of M1 generation 
 The treated seeds of each variety along with control were sown in three replicates 
(100 seeds in each replicate) in a Complete Randomized Design (CRD) in well prepared 
agriculture farm at F/o Agricultural Sciences, A. M. U., Aligarh in the rabi season of 2008 to 
raise M1 generation. The distance between the seeds along a row was kept 10cm whereas row 
to row distance was maintained at 30cm in each experimental plot.  Recommended agronomic 
practices were employed for the preparation of field, sowing and subsequent management of 
populations to raise a good crop. All cultural practices and plant protection measures were 
applied to raise the good crop. 
 The remaining lot of 150 seeds, from each treatment and control from each variety, 
was grown on moist filter paper placed in petridishes in three replicates, having 50 seeds in 
each, for taking observations on seed germination and seedling height (cm) (i.e., root length 
and shoot length). The petridishes were kept in BOD incubator at 25±1°C temperature. 
3.4.2. Studies in M1 generation 
 A detailed study of the effect of different mutagenic treatments on two varieties of 
isabgol was undertaken using the following parameters: 
3.4.2.1. Seed germination 
 Seed germination was recorded right from the emergence of first shoot in each 
treatment as well as control in the petridishes as well as in the field on alternate days until the 
maximum germination was attained. After recording the germination counts, the percentage 
of seed germination and percent inhibition or reduction were calculated by the following 
formulae: 
         Number of seeds germinated     
Germination (%) =    ––––––––––––––––––––––– x 100 
                                                             Number of seeds sown 
 
                                                                          Control – Treated  
Inhibition or reduction (%) =   –––––––––––––––– x 100 
                                                                                 Control 
 The delayed effect of mutagens was recorded on the basis of the extra days taken 
for germination in the treated populations as compared to their respective controls. 
3.4.2.2. Seedling height (cm)  
 Seedling height was estimated on 8th day, after germination by measuring root 
and shoot lengths of 15 randomly selected seedlings (5 seedlings from each replicate) from 
each treatment as well as control from the BOD experiment. Seedling injury as measured in 
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terms of percent reduction in seedling height (root length+shoot length) with respect to 
control was calculated by using following formula: 
                                                Control – Treated  
Injury (%) =   –––––––––––––––– x 100 
                                                       Control 
                                   
3.4.2.3. Pollen fertility 
 To study the pollen fertility fresh and young flowers, from 30 randomly selected 
plants (10 plants from each replicate) at field, were taken at the time of flowering from each 
treatment as well as control. Pollen fertility was determined by staining the pollen grains with 
2% acetocarmine solution. The pollen grains which took the stain and have a regular outline 
were considered as fertile, while the shrunken, empty and unstained ones as sterile. The 
following formulae were used to calculate the percent pollen fertility and percent sterility: 
                                                   Number of fertile pollen grains 
Pollen fertility (%) =   ––––––––––––––––––––––––––– x 100 
                                                                Total number of pollen grains 
 
                                        Control – Treated  
Sterility (%) =   –––––––––––––––– x 100 
                                                           Control 
 
3.4.2.4. Plant survival 
 Data on plant survival was collected from the field experiment at the time of maturity 
by counting the total number of surviving plants out of the total germinating seedlings in each 
treatment as well as control. The following formulae were used to calculate the survival 
percentage and percent lethality: 
                                                    Number of plants at maturity 
Survival (%) =   ––––––––––––––––––––––––– x 100 
                                                    Number of seeds germinated 
 
                                          Control – Treated  
Lethality (%) =   –––––––––––––––– x 100 
                                                           Control 
 
Coefficient of interaction  
 To evaluate the effect of combination treatments on various biological parameters as 
well as chlorophyll mutation frequency the data were analyzed by using the following formula 
(Sharma, 1970): 
                                  (a + b)  
k =   ––––––––  
                                 (a) + (b)                              
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 Where, ‘a’ and ‘b’ stand for two mutagens, (a+b) is the biological damage induced by 
the two mutagens when applied in combination, (a)+(b) is the biological damage induced by 
the two mutagens when applied individually and ‘k’ is a hypothetical interaction coefficient. 
If the interaction is additive, the value of ‘k’ should be 1. Any deviation from this value would 
show synergistic (i.e., more than additive) or antagonistic (i.e., less than additive) effects. 
3.4.2.5. Cytological observations: Meiotic studies  
(i) Fixation of spikes 
 Cytological studies were carried out on pollen mother cells (PMCs). For that 
purpose, young spikes of appropriate size from 30 randomly selected plants (10 plants from 
each replicate) at field from each treatment as  well as control were collected and fixed in 
freshly prepared Carnoy’s fluid (alcohol : chloroform: acetic acid in 6:3:1 ratio) supplemented 
with a pinch of ferric chloride, used as mordant to improve the staining for 24 hours. The 
material was then washed and preserved in 70% alcohol at 4oC inside a refrigerator for further 
study.  
 The purpose of fixation is to kill the tissue without causing any distortion of the 
components to be studied. It should not only increase the visibility of the chromosome 
structure but should also clarify the details of chromosome morphology such as the 
euchromatic and heterochromatic regions and the primary and secondary constrictions. 
(ii) Staining and slide preparation 
 Meiosis was studied by squashing the anthers in 2% acetocarmine. The slides 
were made permanent by dehydrated them in n-butyl alcohol series (NBA series) (Bhaduri 
and Ghosh, 1954) followed by mounting in canada balsam and then slides were kept in 
incubator at 45oC temperature till drying. After drying, the extra amount of canada balsam 
remained outside the cover slip was cleaned with xylene.  
(iii) Meiotic observations 
 Analysis of various stages of meiosis was done from temporary as well as 
permanent slides at metaphase I/II, anaphase I/II and telophase I/II stages by studying about 
500 dividing PMCs from each treatment as well as control under compound light microscope. 
The aberrations were recorded on the basis of variations in structure and behavior of 
chromosomes at various stages of microsporogenesis as compared to control. Any deviation 
from normal cell behavior is considered as aberration. The photomicrographs were taken from 
temporary as well as permanent slides with the aid of “Nikon”, photo micrographic unit  at the 
magnification of 1000 X (10 x eye piece X 100 x objective lens). The frequency of meiotic 
aberrations was calculated by the following formula: 
                                                
MATERIALS AND METHODS 
 
 
 
48
                                                            Number of abnormal PMCs 
Meiotic aberrations (%) =   ––––––––––––––––––––––––––– x 100 
                                                         Total number of dividing PMCs 
 
3.4.2.6. Quantitative traits 
 Observations on quantitative traits were made from the 15 randomly selected 
normal looking plants at field in each treatment as well as control population of both the 
varieties. The plants which showed great variation from the control were not included for such 
analysis. The following eight quantitative traits were thoroughly studied in M1 generation: 
1. Days to flowering: Days to flowering were noted as the number of days taken by the plant 
from the date of sowing till the opening of first flower bud in the plant. 
2. Plant height (cm): Plant height was measured at maturity in centimeters from the base up 
to the apex of plant. 
3. Days to maturity: Days to maturity were noted as the number of days taken by the plant 
from the date of sowing to the date when the plant was ready for harvesting. 
4. Number of tillers per plant: Number of the tillers was counted at the maturity as the total 
number of tillers arise from the base of the plant. 
5. Number of spikes per plant: Number of spikes was counted at maturity as the number of 
spikes born on the whole plant. 
6. Spike length (cm): It was measured by measuring the length of 15 randomly selected 
spikes from each selected plant and then mean for each selected plant was calculated. 
7. 1000-seed weight (g): It was the weight of random sample of 1000 seeds from each 
selected plant, measured in grams. 
8. Seed yield per plant (g): Seed yield per plant was the weight of total number of seeds 
harvested from a plant and was recorded in grams. 
3.4.3. Raising of M2 generation 
 For raising M2 generation, 15 healthy seeds from 50 normal looking M1 plants from 
each treatment as well as controls in both the varieties were bulked and sown in field in a 
Complete Randomized Design (CRD) during rabi season of 2009. Thus M2 population of 
each treatment and control consisted of 50 M1 plant progenies and a total of 750 M2 plants 
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(50×15). The distance between seeds in a row and between the rows was kept 10×30 cm, 
respectively. Three replicates were maintained in each treatment as well as control.  
 Out of these 750 seeds, 150 seeds from each treatment and control from each variety, 
were grown on moist filter paper placed in petridishes in three replicates, having 50 seeds in 
each, for taking observations on seed germination. The petridishes were kept in BOD 
incubator at 25±1°C temperature. 
3.4.4. Studies in M2 generation 
3.4.4.1. Chlorophyll mutations 
The treated as well as control populations were carefully screened for chlorophyll 
mutations from the emergence of seedlings till the age of 6-15 days. They were identified and 
classified according to Gustafsson (1940) following with suitable modifications. The 
frequency of chlorophyll mutations was calculated on the basis of M2 seedling population 
using the following formula:  
                                                                             Number of mutant seedlings 
Chlorophyll mutation frequency (%) =   –––––––––––––––––––––––– x 100 
                                                                           Total number of M2 seedlings 
 
 To analyze the effect of combination treatments on chlorophyll mutation frequency, 
the coefficient of interaction was calculated in the same way as done in M1 generation for 
biological damage. 
3.4.4.2. Mutagenic effectiveness and efficiency  
Mutagenic effectiveness is a measure of the frequency of mutations induced by unit 
dose of a mutagen, while mutagenic efficiency represents the proportion of mutations in 
relation to biological damage (i.e., undesirable changes like inhibition, injury, lethality, 
sterility, meiotic aberrations etc.). Formulae suggested by Konzak et. al. (1965) were used to 
calculate the mutagenic effectiveness and efficiency of the mutagens used. 
(A)(i)    Mutagenic effectiveness            Mutation rate (Mf) 
               (Physical mutagen)       =   –––––––––––––––––––––––   
                                                              Dose in kilo Roentgen (kR)  
 
     (ii)    Mutagenic effectiveness                                      Mutation rate (Mf) 
                 (Chemical mutagen)      = –––––––––––––––––––––––––––––––––––––––––––––––––    
                                                           Concentration of mutagen (%) x Duration of treatment (hours) 
 
     (iii)   Mutagenic effectiveness                                      Mutation rate (Mf) 
                     (Combination)           = –––––––––––––––––––––––––––––––––––––––––––––––––    
                                                            Dose of physical mutagen (kR) x Concentration of chemical  
                                                     mutagen (%) x Duration of treatment (hours)                                                        
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                                                         Mutation rate (Mf) 
(B)      Mutagenic efficiency     = ––––––––––––––––––––––––––––––––  
                                                       *Biological damage in M1 generation 
 
*Biological damage: The following criteria were used for calculating the biological damage: 
(i) Inhibition (R): Percent reduction in seed germination (Mf/R) 
(ii) Injury (I): Percent reduction in seedling height (Mf/I) 
(iii) Lethality (L): Percent reduction in plant survival (Mf/L) 
(iv) Sterility (S): Percent reduction in pollen fertility (Mf/S) 
(v) Meiotic aberrations (Me): Percentage of meiotic aberrations (Mf/Me 
3.4.4.3. Morphological mutations  
Viable morphological mutations were scored throughout the growth period of plants 
in the field. The frequency of morphological mutations was calculated on the basis of M2 
population using the following formula: 
                                                                           Number of mutant plants 
      Morphological mutation frequency (%) =   –––––––––––––––––––––– x 100 
                                                                          Total number of M2 plants 
 
Observations on seed germination, pollen fertility, plant survival and chromosomal 
behaviour during meiosis were carried out in the same way as in M1 generation. Data on the 
different quantitative traits were also taken and analyzed as in M1 generation. All the traits 
were similar to those in M1 generation. However, the plants showing chlorophyll, 
morphological and other mutations were not included for such analysis. Observations on those 
mutants were taken individually. 
3.4.5. Raising of M3 generation 
 For raising M3 generation, 15 healthy seeds from 50 normal looking M2 plants in each 
treatment as well as controls in both the varieties were bulked and sown in field in a Complete 
Randomized Design (CRD) during rabi season of 2010. Thus M3 population of each treatment 
and control consisted of 50 M2 plant progenies and a total of 750 M3 plants (50×15). 
However, the seeds of the mutants, selected on the basis of yield performance, were harvested 
separately and sown in the individual mutant rows in M3 generation to study their mutant 
nature. The plant to plant and row to row distance was kept the same as in earlier experiments. 
Three replicates were maintained in each treatment as well as control.  
 Out of these 750 seeds, 150 seeds, from each treatment and control from each variety, 
were used for the BOD experiment for taking observations on seed germination in the same 
way as in earlier generations. 
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3.4.6. Studies in M3 generation 
 Observations on seed germination, pollen fertility, plant survival, chromosomal 
behaviour during meiosis and quantitative traits were recorded in the same way as in M1 and 
M2 generations. Cytological and morphological behaviour as well as the evaluation of quality 
parameters of isolated mutants were also performed in this generation.  
3.4.7. Estimation of quality parameters of isolated mutants 
The following quality parameters were estimated in isolated high yielding mutants in 
M3 generation: 
3.4.7.1. Husk content (g) 
 To evaluate the husk content per plant (g) on dry weight basis, the total seeds of 
a plant were grinded, so that the mucilaginous white husk removed off. It was then separated 
and weight and represent as the total husk content of a plant on dry weight basis. 
3.4.7.2. Swelling factor (ml/g) 
Swelling factor of the seeds was determined by the method given by Sharma and 
Koul (1986). For determination of swelling factor 1g of seed (from each mutant plant) was 
put into a separate 25ml graduated stoppered cylinders which were later filled with distilled 
water at room temperature up to the 20ml mark. Except for intermittent agitation (at intervals 
of 10 minutes for 1 hour) for thorough wetting, the cylinders were left undisturbed for 24 
hours at room temperature and the volume of swollen seed layer was then recorded by 
observation of the water gel boundary and expressed in terms of ml/g seed. In order to make 
the comparisons more appropriate, seeds of all the mutants were tested under strictly similar 
conditions of light, temperature and measurement procedure.                                           
                                            Volume of soaked water (ml) by the seeds 
Swelling factor =   ––––––––––––––––––––––––––––––––––– 
                                                        Total amount of seeds (g) 
 
3.4.7.3. Mucilage content (mg) 
Mucilage content was estimated following the technique advocated by 
Kalyansundaram et. al. (1980). According to which, for determination of mucilage content 
10ml of 0.1 N HCl was heated to boiling in a 100ml conical flask. Then the flask was 
removed from flame and 1g test sample of dry seeds was added to it. Heating was resumed 
and the process of dissolution of seed husk was watched. When all the seeds has changed 
colour, the flask was finally removed from the flame and the solution was filtered through 
clean muslin cloth, while still hot. In order to separate residual traces of mucilage, the seeds 
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were washed twice in 5ml of hot water and the solution obtained each time was filtered. Total 
removal of mucilage was judged by the non stickiness of the seeds. Then the combined 
filtrate, containing the dissolved mucilage, was mixed with 60ml of 95% ethyl alcohol, stirred 
and allowed to stand for 5 hours. Finally, the supernatant liquid was decanted off and the 
beaker containing the precipitate was dried inside an oven maintained at 50°C. The weight of 
dry precipitate was taken to represent the total mucilage content. 
3.5. Statistical analysis 
Data recorded for different quantitative traits from each treatment as well as controls 
of both the varieties of isabgol in M1, M2 and M3 generations were subjected to statistical 
analysis in order to assess the extent of induced variability in different generations to find out 
the effect of different mutagenic treatments. Mean ( X ), standard deviation (S.D.), standard 
error (S.E.) and coefficient of variation (C.V.) were calculated as per the standard statistical 
procedures. 
3.5.1. Mean ( X )  
 The arithmetic mean or sample mean or average value is the measure of central 
tendency of distribution. It was computed by taking the sum of all the observations and 
dividing this total by the total number of observations recorded. Thus, 
  
N
XXX
X n
...21   
                     X =  nXܰ  
Where, X   = Arithmetic mean 
            ƩXn = Sum of all the individual observations i.e., X1, X2, …..Xn 
             N = Total number of observations involved 
3.5.2. Standard deviation (S.D.) 
 It is the positive square root of the average of the sum of squares of deviations of all 
the individual observations from their arithmetic mean. It is calculated by the following 
formula: 
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Where, S.D.= Standard deviation 
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            X  = Mean of all observations included 
             X1, X2, …..Xn  = Individual observations. 
             N = Number of observations 
3.5.3. Standard error (S.E.) 
 It is the measure of uncontrolled variation present in a sample and is estimated by 
dividing the estimate of standard deviation by the square root of the total number of 
observations in the sample. Thus, 
             S.D. of sample 
         S.E. =   ––––––––––––––– 
                 N  
Where, S.E. = Standard error 
            S.D. = Standard deviation 
  N = Number of observations 
3.5.4. Coefficient of variation (C.V.) 
 It is the measure of relative magnitude of variation present in the observations relative 
to magnitude of their arithmetic mean. It is defined as the ratio of standard deviation to 
arithmetic mean expressed as percentage and is a unit less number. It is computed by applying 
the following formula: 
                  C.V. (%) =  
X
DS ..  x 100 
Where, S.D. = Standard deviation 
  X  = Arithmetic mean 
3.5.5. Least significant difference (L.S.D.) 
 The least significant difference was applied and computed as follows: 
Step 1: According to treatments given, construction of data table for treatments and 3 
replicates 
 In the present study treatments were applied in a Completely Randomized Design 
(CRD) with 3 replicates. The data were compiled is such a way that each treatment occupies a 
row and their replicates were arranged in column e.g. taken from EMS. 
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Column 
(Treatment) 
Column (Replicate) Total of rows 
(Treatments) R1 R2 R3 
T1 
T2 
T3 
T4 
T5 
T6 
A1 
B1 
C1 
D1 
E1 
F1 
A2 
B2 
C2 
D2 
E2 
F2 
A3 
B3 
C3 
D3 
E3 
F3 
A1+A2+A3=Xr1 
B1+B2+B3=Xr2 
C1+C2+C3=Xr3 
D1+D2+D3=Xr4 
E1+E2+E3=Xr5 
F1+F2+F3=Xr6 
 Total = G 
Where, Grand total (G) = Xr1+Xr2+-----+Xr6 
Step 2:  Correction factor (CF) 
CF = (G) 2 / T x R 
Where, T = Number of treatments 
 R = Number of replications 
Step 3: Total sum of squares (TSS) 
This is the sum of square of all the observations minus correction factor 
TSS = [(A1)2 + (B1)2+ ………….  (F3)2] – CF 
Step 4: Treatment sum of squares (TrSS) 
TrSS = 
(ଡ଼୰ଵ)మା (ଡ଼୰ଶ)మା (ଡ଼୰ଷ)మ
ோ
  - CF 
Where, R = Number of replications 
Step 5: Error sum of squares (ESS) 
ESS = TSS - TrSS 
Step 6: Construction of ANOVA table 
          Source Degree of freedom SS MS F. value 
Treatment 
Error 
T-1 
T(R-1) 
TrSS 
ESS 
TrSS/T-1 =   TrMS 
ESS/T(R-1) = EMS TrMS/EMS 
Total TR-1 TSS   
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Step 7: Least significant difference based on ordinary test. 
LSD at 5% level =  ටଶாெௌ
ோ
  × t value at 5% level 
LSD at 1% level =  ට
ଶாெௌ
ோ
  × t value at 1% level 
Where, t = Tabulated value 
 If the difference between any two sample means exceeding the L.S.D. value obtained 
at 5% level and 1% level, the difference between the two means is said to be significant at 5% 
or 1% level respectively. 
 
Chapter 4
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                                           CHAPTER - 4 
     EXPERIMENTAL RESULTS 
The results obtained from the experiments are presented generation-wise in this 
chapter. 
4.1. Studies in M1 generation 
The effects of ethyl methane sulphonate (EMS), gamma rays (γ rays) and their 
combination treatments on two varieties of isabgol viz., var. Mayuri and var. Niharika  were 
evaluated on seed germination (in laboratory and in field conditions), seedling height, plant 
survival, pollen fertility, chromosomal behaviour during meiosis and various quantitative 
traits in M1 generation. 
4.1.1. Seed germination 
Data recorded on seed germination in petridishes (in laboratory) and in field 
conditions for vars. Mayuri and Niharika are presented in Table 4. A gradual decrease in seed 
germination was observed in both the varieties with increasing concentrations/doses of the 
mutagens, employed individually as well as in combination, in laboratory as well as in field 
conditions (Graph 2). Seed germination was recorded to be higher in laboratory conditions in 
both the varieties in all the mutagenic treatments as well as in control. 
Seed germination in control was 86.67% and 85.53% in laboratory and in field 
conditions respectively in var. Mayuri, while in var. Niharika it was recorded to be 94.00% 
and 92.67% in laboratory and in field conditions respectively. Maximum seed germination 
was noticed at the lowest concentration/dose of all the mutagens in both the varieties in 
laboratory as well as in field conditions as compared to their respective controls. In var. 
Mayuri, seed germination was decreased from 82.67% to 58.67%, 84.00% to 60.00% and 
79.33% to 59.33% in EMS, γ rays and combination treatments respectively in laboratory 
conditions, while in field condition it was decreased from 81.00% to 57.33%, 80.33% to 
59.33% and 77.33% to 56.67% in EMS, γ rays and in combination treatments respectively. In 
var. Niharika, it was decreased from 92.67% to 65.33%, 91.33% to 62.67% and 88.00% to 
65.33% in EMS, γ rays and in combination treatments respectively in laboratory conditions, 
while in field condition it was decreased from 89.67% to 62.00%, 88.67% to 63.67% and 
83.33% to 61.67% in EMS, γ rays and in combination treatments respectively.  
Inhibitory effects of mutagenic treatments on seed germination was different in both 
the varieties. Var. Mayuri was affected more adversely as compared to var. Niharika. 
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Maximum inhibition in seed germination was observed at the highest concentration/dose of 
the mutagens in both the varieties. It was recorded to be 32.31% (1.0% EMS), 30.77% (90kR 
γ rays) and 31.54% (45kR+0.6%) in laboratory condition and 32.81% (1.0% EMS), 30.47% 
(90kR γ rays) and 33.59% (45kR+0.6%) in field conditions in var. Mayuri. In var. Niharika, 
the maximum inhibition was 30.50% (1.0% EMS), 33.33% (90kR γ rays) and 30.50% 
(45kR+0.6%) in laboratory conditions, while in field conditions it was recorded to be 33.09% 
(1.0% EMS), 31.29% (90kR γ rays) and 33.45% (45kR+0.6%). 
The pooled mean values for inhibition in seed germination indicate that combination 
treatments of EMS and γ rays were found to be the most effective as they showed more 
inhibition in seed germination in both the varieties followed by the individual treatments of 
EMS and γ rays in var. Mayuri and vice-versa in var. Niharika, in laboratory as well as in 
field conditions. So the order of effectiveness in this respect was γ rays+EMS > EMS > γ rays 
(in var. Mayuri) and γ rays+EMS > γ rays > EMS (in var. Niharika) in both the experimental 
conditions. Inhibition in seed germination was more in field condition as compared to 
laboratory condition in both the varieties. Moreover, var. Mayuri was found to be more 
sensitive to the mutagenic treatments as manifested by the inhibition in seed germination. 
Seed germination in control was started on 3rd day (in laboratory) and 8th day (in 
field) after sowing the seeds of both the varieties. No delay in seed germination was noticed 
in any mutagenic treatment in both the varieties in laboratory conditions. However, in the 
field conditions it was delayed by 1-3 days in the seeds treated with higher 
concentrations/doses of mutagens in both the varieties. The delay in seed germination was 
found to be more pronounced in combination treatments in both the varieties of isabgol. 
The coefficient of interaction for combination treatments of EMS and γ rays was 
found to be less than additive (for inhibition in seed germination) except for the highest 
treatment i.e., 45kR+0.6% combination which showed synergistic or more than additive effect 
in laboratory as well as in field conditions in both the varieties, while in var. Niharika 
45kR+0.4% combination treatment, in field condition, also showed synergistic effect. 
4.1.2. Seedling height (cm) 
Data recorded for the seedling height (root length+shoot length) are presented in 
Table 5 for vars. Mayuri and Niharika. The seedling height was measured on 8th day after the 
onset of seed germination in both the varieties for control as well as treated seedlings. A 
gradual decrease in the mean values of seedling height was observed with the increasing 
concentrations/doses of the mutagens in individual as well as in combination treatments in 
both the varieties (Graph 3). Maximum seedling height was observed at the lowest 
concentrations/doses of the mutagens in both the varieties as compared to their control values. 
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The average seedling heights in control were 3.47cm and 4.33cm in var. Mayuri and var. 
Niharika respectively. In var. Mayuri, it was decreased from 3.37cm to 2.81cm, 3.27cm to 
2.65cm and 3.03cm to 2.58cm in EMS, γ rays and combination treatments respectively, while 
in var. Niharika, it was decreased from 4.26cm to 3.67cm, 4.22cm to 3.42cm and 4.05cm to 
3.47cm in EMS, γ rays and combination treatments respectively. 
The seedling injury was maximum at the highest concentration/dose of all the 
mutagens in both the varieties i.e., 19.02% (1.0% EMS), 23.63% (90kR γ rays) and 25.65% 
(45kR+0.6%) in var. Mayuri, whereas, in var. Niharika these values were 15.24% (1.0% 
EMS), 21.02% (90kR γ rays) and 19.86% (45kR+0.6%). Among all the mutagenic treatments, 
45kR+0.6% combination and 90kR γ rays treatment induced the maximum seedling injury in 
var. Mayuri and var. Niharika respectively. 
The pooled mean values for percent seedling injury indicate that combination 
treatments of EMS and γ rays were more effective as they showed more seedling injury i.e., 
18.73% in var. Mayuri and 13.45% in var. Niharika followed by γ rays and EMS in both the 
varieties of isabgol. So the order of effectiveness in this regard was γ rays+EMS > γ rays > 
EMS for both the varieties. Moreover, var. Mayuri was found to be more sensitive to the 
mutagenic treatments as evident from the seedling injury, which was more pronounced in var. 
Mayuri, as compared to var. Niharika. 
The coefficient of interaction showed less than addictive effects (for seedling injury) 
in all the combination treatments in both the varieties of isabgol. 
4.1.3. Pollen fertility 
Data on the pollen fertility is presented in the Table 6 for vars. Mayuri and Niharika. 
A dose dependent decrease in pollen fertility with an increase in mutagenic treatments was 
noticed in both the varieties (Graph 4). Pollen fertility was recorded 87.71% and 93.15% in 
controls of var. Mayuri and var. Niharika respectively, while it was decreased from 81.25% to 
66.35% (EMS), 77.41% to 61.17% (γ rays) and 79.52% to 63.47% (combination) in var. 
Mayuri, whereas in var. Niharika it decreased from 88.36% to 74.83%, 85.24% to 68.72% 
and 83.90% to 69.51% in EMS, γ rays and combination treatments respectively. 
In other words, pollen sterility increased with the increase in concentration/dose of 
the mutagens in both the varieties. Although highest pollen sterility was noticed at the highest 
concentration/dose of the mutagens as compared to their respective controls, but among all 
the mutagenic treatments it was the maximum at 90kR dose of γ rays i.e., 30.26% and 26.23% 
in var. Mayuri and var. Niharika respectively. 
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The pooled mean values for pollen sterility showed that it was maximum in 
combination treatments (i.e., 19.50% in var. Mayuri and 17.06% in var. Niharika followed by 
the individual treatments of γ rays and EMS in both the varieties. So the order of effectiveness 
was γ rays+EMS > γ rays > EMS for both the varieties. Moreover, var. Mayuri was found to 
be more sensitive to the mutagenic treatments as compared to var. Niharika in this respect. 
The coefficient of interaction was shown less than additive effects for all the 
mutagenic treatments in both the varieties of isabgol without any exception. 
4.1.4. Plant survival 
Data on the plant survival at the time of maturity is given in the Table 7 for vars. 
Mayuri and Niharika. Plant survival decreased gradually with an increase in 
concentrations/doses of the mutagens in both the varieties (Graph 5). Among the mutagenic 
treatments, maximum plant survival percentage was observed at the lowest 
concentration/dose of the mutagens employed individually as well as in combination. Plant 
survival was 96.48% and 92.45% in control of var. Mayuri and var. Niharika respectively, 
while it was decreased from 89.71% to 61.05%, 92.95% to 64.61% and 89.22% to 64.71% in 
EMS, γ rays and combination treatments respectively in var. Mayuri, whereas, in var. 
Niharika it was decreased from 89.22% to 68.82%, 88.72% to 65.45% and 85.60% to 62.16% 
in EMS, γ rays and combination treatments respectively. 
The maximum lethality i.e., 36.73% (1.0% EMS), 33.04 % (90kR γ rays) and 32.94% 
(45kR+0.6%) in var. Mayuri and 25.56% (1.0% EMS), 29.21% (90kR γ rays) and 32.76% 
(45kR+0.6%) in var. Niharika, was noticed at the highest concentration/dose of the mutagens, 
in individual as well as in combination treatments. In var. Mayuri, 1.0% EMS treatment 
showed the highest lethality percentage, whereas in var. Niharika it was the highest at 
45kR+0.6% combination treatment among all the mutagenic treatments.  
The pooled mean values of lethality indicate that combination treatments showed the 
maximum lethality in both the varieties i.e., 19.41% in var. Mayuri and 18.98% in var. 
Niharika followed by EMS and γ rays treatments in var. Mayuri and vice-versa in var. 
Niharika. So the order of effectiveness was γ rays+EMS > EMS > γ rays for var. Mayuri and 
γ rays+EMS > γ rays > EMS for var. Niharika in this respect. Moreover, var. Mayuri was 
found to be more sensitive to the mutagenic treatments than var. Niharika as the survival was 
more adversely affected by mutagens in var. Mayuri. 
The coefficient of interaction showed less than addictive effects in almost all the 
mutagenic treatments except for 45kR+0.6% combination treatment which showed quite 
synergistic effect, in both the varieties of isabgol. 
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4.1.5. Cytological observations 
The control plants of var. Mayuri and var. Niharika revealed 4 bivalents arranged 
normally at equator (2n=8) at metaphase I (Plate 1, Fig. 1) and showed equal segregation 
towards their respective poles (4:4) at anaphase I (Plate 1, Fig. 2) followed by normal 
telophase I showing two groups of chromosomes at opposite poles (Plate 1, Fig. 3). 
Metaphase II exhibited two groups of chromosomes (4 chromosomes in each group) arranged 
normally at two equatorial plates (Plate 1, Fig. 4) followed by anaphase II showing four 
groups of chromosomes moving towards opposite poles (Plate 1, Fig. 5), while at telophase II 
these four groups of chromosomes were present at the poles (Plate 1, Fig. 6). No abnormal 
divisions were observed at any divisional stage of meiosis in control plants in both the 
varieties. 
However, microsporogenesis in plants raised from the treated seeds showed abnormal 
meiotic divisions. The meiotic studies showed almost similar types of chromosomal 
aberrations in both the varieties but the frequencies of these aberrations were different. The 
spectrum and frequency of meiotic aberrations and the total number of PMCs scored in each 
concentration/dose of mutagens along with their respective controls in both the varieties are 
presented in Tables 8 and 9. Various meiotic aberrations observed during microsporogenesis 
in the treated population at different divisional stages, in both the varieties of isabgol are 
described below. The representative cytological features of all the aberrations reported at 
metaphase, anaphase, and telophase stages are shown in Plates 1 to 10, Fig. 1 to 90)  
Chromosomal aberrations at Metaphase I and II 
The chromosomal aberrations observed at metaphase I and II stages during the 
meiotic studies were univalents (Plate 1, Fig. 7-12), multivalents (Plate 1 and 2, Fig.11-15), 
secondary association (Plate 2, Fig.16 and 17), stickiness/clumping (Plate 2, Fig. 18), 
precocious separation (Plate 2, Fig. 19 and 20), stray bivalent/chromosomes (Plate 2, Fig. 21 
and 22; Plate 4, Fig. 46), unorientation of bivalents (Plate 2, Fig. 23 and 24; Plate 4, Fig. 47 
and 48), fragments (Plate 3, Fig. 25; Plate 5, Fig. 49), laggards (Plate 5, Fig. 60), bridges 
(Plate 5, Fig. 51-53), non-synchronisation (Plate 5, Fig. 54 and 55) and cytomixis (Plate 8, 
Fig. 85, 86, 88, 89), out of which univalents, multivalents, secondary association and 
precocious separation were noticed at metaphase I stages, while laggards, bridges and non-
synchronisation were reported at metaphase II stage only and rest of the aberrations i.e., 
stickiness/clumping, stray bivalents/chromosomes, unorientation, fragments and cytomixis 
were noticed at both metaphase I and II divisions in two varieties of isabgol. 
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In case of var. Mayuri univalents, multivalents, secondary association, 
stickiness/clumping, precocious separation, stray bivalents, unorientation and cytomixis were 
recorded at all the treatments of EMS and γ rays with the only exception of 0.1% EMS 
treatment at which no PMC with multivalents and precocious separation was noticed. 
Fragments were not recorded at the lower treatments of EMS and γ rays i.e., 0.1%, 0.2% EMS 
and 15kR γ rays. Laggards, bridges and non-synchronisation were recorded at only 0.6%, 
0.8% and 1.0% EMS treatments while in γ rays treatments, laggards were observed at only 
higher doses i.e., 75kR and 90kR, bridges and non-synchronisation were noticed at almost all 
the doses except 15kR (in case of bridges) and 15kR and 30kR both (in case of non-
synchronisation). All these aberrations were noticed at all the combination treatments of EMS 
and γ rays. 
In var. Niharika too, univalents, multivalents, secondary association, 
stickiness/clumping, precocious separation, stray bivalents, unorientation and cytomixis were 
noticed at all the concentrations/doses of EMS and γ rays except multivalents and precocious 
separation at 0.1% EMS and 15kR γ rays treatments respectively. Fragments were reported at 
all the intermediate and higher concentrations of EMS (i.e., 0.4%, 0.6%, 0.8% and 1.0%) and  
only at 60kR, 75kR and 90kR doses of γ rays. Laggards were found at 0.6%, 0.8%, 1.0% 
EMS and 60kR, 75kR, 90kR γ rays treatments. Bridges were noticed at only higher treatments 
(i.e., 0.8% and 1.0%) of EMS, whereas, in γ rays they were found at intermediate doses also. 
Non-synchronisation was found to be absent only at 0.1% EMS and 15kR, 30kR γ rays 
treatments. All the combination treatments of EMS and γ rays induced all these aberrations, 
except bridges which were not found at 45kR+0.1% combination treatment. 
The pooled mean values for these aberrations indicate that cytomixis was the most 
frequently observed meiotic aberration in individual as well as in combination treatments in 
both the varieties. It was noticed with the frequency of 1.21% (EMS), 1.37% (γ rays) and 
1.71% (combinations) in var. Mayuri, whereas in var. Niharika it was noticed with the 
frequency of 0.92%, 0.97% and 1.42% in EMS, γ rays and combination treatments 
respectively. It was followed by stickiness/clumping in all mutagenic treatments in both the 
varieties. Laggards were observed to be the least common aberration noticed with the 
frequency of 0.16%, 0.11% and 0.35% in EMS, γ rays and combination treatments 
respectively in var. Mayuri and 0.14% (γ rays) in var. Niharika. In EMS and combination 
treatments in var. Niharika bridges were found with minimum frequency i.e., 0.12% and 
0.34% respectively.  
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Chromosomal aberrations at Anaphase I and II 
Chromosomal aberrations observed at anaphase were laggards (Plate 3, Fig. 26-28; 
Plate 5, Fig. 56), bridges (Plate 3, Fig. 29-32; Plate 5, Fig 57 and 58), unequal separation 
(Plate 3, Fig. 33; Plate 5, Fig. 59), fragments (Plate 3, Fig. 34 and 35; Plate 5 and 6, Fig. 60 
and 61), stickiness/clumping (Plate 3, Fig. 36; Plate 6, Fig. 62), forward movement (Plate 4, 
Fig. 37; Plate 6, Fig. 63 and 64), disturbed polarity (Plate 6, Fig. 65 and 66), multipolarity 
(Plate 6, Fig. 67 and 68), tripolarity (Plate 6, Fig. 69), non-synchronisation (Plate 6, Fig. 70 
and 71) and cytomixis (Plate 8, Fig. 90), in which disturbed polarity, multipolarity, tripolarity 
and non-synchronisation were noticed at anaphase II only. 
PMCs with laggards, bridges, fragments, disturbed polarity, multipolarity, non-
synchronisation and cytomixis were found at all the individual treatments of EMS and γ rays 
except 0.1% EMS treatments at which no PMC with laggards and fragments was noticed. 
Unequal separation and tripolarity were observed only at 0.6%, 0.8% and 1.0% 
concentrations of EMS and 60kR, 75kR, 90kR doses of γ rays. Stickiness/clumping was 
noticed only at higher treatments of EMS (i.e., 0.8% and 1.0%) and both intermediate as well 
as higher doses of γ rays (i.e., 45kR, 60kR, 75kR and 90kR). Forward movement was absent 
only at 0.1% and 0.2% concentrations of EMS, whereas, in γ rays it was absent only at lowest 
dose i.e., 15kR. All these chromosomal aberrations were found to be present at all the 
combinations of γ rays and EMS, except stickiness/clumping which was not noticed 
45kR+0.1% and 45kR+0.2% combination treatments in var. Mayuri. 
In var. Niharika laggards, fragments, disturbed polarity, multipolarity, non-
synchronization and cytomixis were reported at almost all the individual treatments of EMS 
and γ rays except the lowest treatment of EMS (i.e., 0.1%) at which PMC with fragments and 
non-synchronisation were not noticed. Bridges, unequal separation, stickiness/clumping and 
tripolarity were observed only at 0.8%, 1.0% EMS and 60kR, 75kR, 90kR γ rays treatments. 
Tripolarity was also noticed at 45kR dose of γ rays. Forward movement was noticed only at 
intermediate and higher treatments of EMS, whereas in case of γ rays it was absent at only 
15kR treatment. All these aberrations were encountered at all the combination treatments of 
EMS and γ rays, except stickiness which was not seen at 45kR+0.1% combination treatment 
in var. Niharika. 
The pooled mean values reveal that at anaphase stage also, cytomixis was reported to 
be the most commonly occurred meiotic aberration in all the mutagenic treatments in both the 
varieties. It was observed with the frequency of 0.69%, 0.84% and 1.15% (in var. Mayuri) 
and 0.79%, 0.76% and 0.86% (in var. Niharika). Stickiness/clumping was the least frequent 
meiotic aberration found with the minimum frequency i.e., 0.09% in EMS and 0.20% in 
EXPERIMENTAL RESULTS 
 
 
 
63
combination treatments in var. Mayuri and 0.06%, 0.12% and 0.29% in EMS, γ rays and 
combination treatments respectively in var. Niharika. Tripolarity was also reported with the 
same frequency (i.e., 0.06%) in EMS treatment in Var. Niharika, while in γ rays treatments 
tripolarity was the least common aberration present with the frequency of 0.14%.in var. 
Mayuri. 
Chromosomal aberrations at Telophase I and II 
Chromosomal aberrations noticed at telophase I and II stages were laggards (Plate 4, 
Fig. 38-40; Plate 6, Fig. 72), bridges (Plate 4, Fig. 41 and 42; Plate 7, Fig. 73 and 74), 
fragments (Plate 4, Fig. 43; Plate 7, Fig. 75), micro-nuclei (Plate 4, Fig. 44 and 45; Plate 7, 
Fig. 76 and 77), disturbed polarity (Plate 7, Fig. 78 and 79), multinucleate condition (Plate 7, 
Fig. 80-82), tripolarity (Plate 7, Fig. 83), non-synchronisation (Plate 7, Fig. 84) and cytomixis 
(Plate 8, Fig. 87) in which disturbed polarity, multinucleate condition, tripolarity and non-
synchronisation were reported at telophase II only 
In.var. Mayuri micronuclei, disturbed polarity, multinucleate condition and cytomixis 
were reported at all the individual and combination treatments of EMS and γ rays except  
0.1% EMS treatments at which no PMC with multinucleate condition was noticed. Laggards 
were observed at 0.6%, 0.8%, 1.0% (EMS); 60kR, 75kR, 90kR (γ rays) and 45kR+0.4%, 
45kR+0.6% (combination) treatments. Bridges were absent at 0.1%, 0.2% EMS and 15kR γ 
rays treatments, while in combinations they were reported at all the combination treatments. 
Fragments were noticed at intermediate and higher treatments of EMS (i.e., 0.4%, 0.6%, 0.8% 
and 1.0%); 60kR, 75kR, 90kR γ rays treatments and all the combination treatments. 
Tripolarity was found only at 0.8%, 1.0% EMS; 60kR, 75kR, 90kR γ rays and at only 
45kR+0.4%, 45kR+0.6% combination treatments only, whereas non-synchronisation was 
reported at 0.6%, 0.8%, 1.0% EMS treatments, intermediate and higher dose of γ rays (i.e., 
45kR, 60kR, 75kR and 90kR) and all the combination treatments except 45kR+0.1% in var. 
Mayuri.  
In var. Niharika micronuclei, disturbed polarity, multinucleate condition and 
cytomixis were recorded at almost all the individual and combination treatments of mutagens 
with the exceptions of 0.1% and 0.2% EMS treatments at which multinucleate condition was 
found to be absent and 15kR γ rays dose at which disturbed polarity was not found. Laggards 
were found only at higher treatments of EMS and γ rays and intermediate and higher 
combination treatments. Bridges were observed at 0.6%, 0.8%, 1.0% EMS treatments; 60kR, 
75kR, 90kR γ rays doses and 45kR+0.4%, 45kR+0.6% combination treatments. Fragments 
were noticed only at higher treatments of EMS and all the doses of γ rays except 15kR, 
whereas in case of combination treatments they were reported at all the combinations of EMS 
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and γ rays. Tripolarity was noticed at 0.4%, 0.6%, 0.8%, 1.0% (EMS); 60kR,75kR, 90kR (γ 
rays) and 45kR+0.2%, 45kR+0.4%, 45kR+0.6% combination treatments, while non-
synchronisation was found to be absent at only lower treatments of EMS and γ rays in var. 
Niharika. 
The pooled mean values demonstrate that like metaphase and anaphase stages, at 
telophase stage also, cytomixis was the most frequent meiotic aberration reported with the 
frequency of 0.78%, 0.92% and 1.26% in EMS, γ rays and combination treatments 
respectively in var. Mayuri and 0.82% (EMS), 0.88% (γ rays) and 1.05% (combination) in 
var. Niharika. Tripolarity was the least common aberration in var. Mayuri (0.09%, 0.08% and 
0.20% in EMS, γ rays and combinations respectively), while in case of var. Niharika laggards 
were found with the minimum frequency in EMS (i.e., 0.06%) and combination treatments 
(i.e., 0.19%). In γ rays treatments in var. Niharika, bridges showed the minimum frequency 
(i.e., 0.12%). 
Perusal of the results presented in Tables 8 and 9 reveals that although no dose 
dependent increase was observed with an increase in mutagenic treatments for almost all the 
individual aberrations, the total frequency of these chromosomal aberrations showed a dose 
dependent increase in both the varieties in individual as well as in combination treatments 
(Graph 6). The frequency of total meiotic aberrations increased from 4.37% to 18.61%, 
6.82% to 20.81% and 11.31% to 31.47% in EMS, γ rays and combination treatments 
respectively in var. Mayuri, while in case of var. Niharika it ranged from 3.95% to 17.88% 
(EMS), 4.49% to 18.37% (γ rays) and 10.31% to 28.38% (combinations). Combination 
treatments were found to be the most effective followed by γ rays and EMS treatments in 
inducing the maximum frequency of meiotic aberrations in both the varieties. However, the 
frequency of meiotic aberrations was more in var. Mayuri as compared to var. Niharika, 
indicating its more sensitivity to the mutagenic treatments in this regard. Moreover, frequency 
of meiotic aberrations at metaphase, anaphase and telophase stages, in individual, reveals that 
meiotic division was generally most affected at metaphase stage having more frequency of 
meiotic aberrations followed by anaphase and telophase stages in all the mutagens in both the 
varieties (Table 10). 
4.1.6. Quantitative traits 
The effects of EMS, γ rays and their combination treatments were studied on eight 
quantitative traits namely, days to flowering, plant height (cm), days to maturity, number of 
tillers per plant, number of spikes per plant, spike length (cm), 1000-seed weight (g) and seed 
yield per plant (g) in M1 generation. Data recorded on all these traits were subjected to 
statistical analysis to find out the mean (), standard error (S.E.), shift in mean, standard 
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deviation (S.D.), coefficient of variation (C.V.) and least significant difference (L.S.D.) at 5% 
and 1% level of significance in control as well as in the treated populations of both the 
varieties. Data on all these quantitative traits in two varieties of isabgol are summarized in the 
Tables 11 to 18.  
Results obtained for each trait are elaborated below: 
1. Days to flowering 
Data recorded on days to flowering in both the varieties in control and in treated 
populations are presented in Table 11. The mean values for days to flowering were shifted in 
both positive as well as negative directions in the treated populations in both the varieties. In 
general, negative shift in mean values was more pronounced in most of the lower and some 
intermediate concentrations/doses of mutagens, while the higher concentrations/doses 
generally induced positive shift in mean values in both the varieties with some exceptions. 
In var. Mayuri most of the mutagenic treatments induced negative shift in mean 
values except 0.8%, 1.0% (EMS); 60kR, 90kR (γ rays) and 45kR+0.6% (combination) 
treatments, whereas in var. Niharika negative shifts in mean were observed at only 0.2%, 
0.4% (EMS); 15kR, 30kR (γ rays) and 45kR+0.2% (combination) treatments. No significant 
shift in mean values was observed in var. Mayuri. In var. Niharika significant reduction in 
mean at 5% level was noticed at 15kR dose of γ rays, while 45kR+0.1% and 45kR+0.6% 
combination treatments showed significant increase in mean values at 5% level. 
The polygenic variability measured in terms of coefficient of variation (C.V. %) 
increased in all the mutagenic treatments as compared to control in both the varieties. 
Maximum C.V. was noticed for 0.6% EMS (6.44%), 75kR γ rays (6.32%) and 45kR+0.1% 
combination (6.33%) treatments in var. Mayuri, whereas in var. Niharika it was observed for 
0.4% EMS (5.45%), 15kR γ rays (6.52%) and 45kR+0.1% combination (7.62%) treatments.  
2. Plant height (cm) 
Results obtained on the effect of mutagenic treatments on plant height (cm) in both 
the varieties are presented in Table 12. Mean values for plant height were shifted towards the 
negative side in all the mutagenic treatments in both the varieties.  
Although highest negative shift in mean was observed at the highest 
concentration/dose of the mutagens (except at 0.6% EMS in var. Niharika), no dose 
dependent decrease in mean values was noticed in two varieties. In var. Mayuri significant 
decrease in mean at 1% level was noticed at 0.1%, 0.6%, 0.8%, 1.0% (EMS); 75kR, 90kR (γ 
rays) and 45kR+0.6% (combination) treatments, while the decrease was noticed to be 
significant at 5% level at 60kR γ rays and 45kR+0.1% combination treatments. In var. 
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Niharika significant decrease in mean at 1% level was noticed at 0.1%, 0.6%, 0.8%, 1.0% 
(EMS); 60kR, 75kR, 90kR (γ rays) and all the combination treatments (except 45kR+0.2%), 
whereas 30kR and 45kR γ rays treatments showed significant decrease at 5% level. 
C.V. was increased in all the mutagenic treatments in both the varieties with respect 
to their respective controls. The maximum C.V. values observed were 9.42% (0.8% EMS), 
11.05% (30kR γ rays) and 10.28% (45kR+0.4%) in var. Mayuri, while in var. Niharika these 
values were 10.98% (0.8% EMS), 11.16% (60kR γ rays) and 10.08% (45kR+0.2%). 
3. Days to maturity 
Data recorded on days to maturity in control as well as in treated populations in both 
the varieties are shown in Table 13. Mean values for days to maturity were shifted in positive 
as well as negative directions in both the varieties.  
In var. Mayuri  negative shift in mean value was noticed at 0.2%, 0.4%, 0.6% (EMS); 
15kR, 30kR, 45kR, 60kR (γ rays); 45kR+0.2% and 45kR+0.4% (combination) treatments, 
while rest of the treatments showed positive shift in mean. Negative shifts were significant at 
5% level in 0.4% EMS and 15kR γ rays treatments, while only 30kR γ rays treatment showed 
significant negative shift at 1% level in var. Mayuri. No significant shift in mean was noticed 
in combination treatments in this variety. In case of var. Niharika 0.2%, 0.4%, 0.8% (EMS); 
15kR, 30kR (γ rays) and 45kR+0.2% (combination) treatments induced negative shift in mean 
values as compared to the control, out of which significant negative shift at 5% level was 
noticed at only 0.2% EMS treatment, whereas 90kR γ rays and 45kR+0.6% combination 
treatment showed significant positive shift at 5% level in this variety. 
C.V. was increased in treated populations in both the varieties. Maximum C.V. values 
in var. Mayuri were noticed at 1.0% EMS (3.31%), 45kR γ rays (3.79%) and 45kR+0.4% 
combination (3.22%) treatments, while in var. Niharika it was observed at 0.2% EMS 
(3.31%), 45kR γ rays (3.27%) and 45kR+0.6% combination (3.06%) treatments. 
4. Number of tillers per plant  
Data recorded on number of tillers per plant in control as well as in treated 
populations in both the varieties are presented in Table 14. Mean values were shifted in both 
positive as well as negative directions in the treated populations in two varieties.  
In var. Mayuri positive shift was observed at only 0.2%, 0.4% (EMS); 15kR, 30kR, 
75kR (γ rays); 45kR+0.2% and 45kR+0.4% (combination) treatments, out of which 
significant positive shift at 5% level was noticed at only 15kR γ rays treatment.  Significant 
negative shift in mean values at 1% and 5% levels was noticed at 0.8% and 1.0% EMS 
treatments respectively in this variety. No significant positive or negative shift in mean was 
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observed in combination treatment in var. Mayuri. In case of var. Niharika positive shift in 
mean was noticed at 0.2%, 0.4% (EMS); 15kR, 30kR (γ rays) and 45kR+0.2% combination 
treatments, out of which, only 15kR γ rays treatment showed significant positive shift at 5% 
level, whereas, 0.8%, 1.0% (EMS); 60kR, 90kR (γ rays) and 45kR+0.1% combination 
treatments in this variety induced negative shifts which were found to be significant at 1% 
level, while 45kR γ rays and 45kR+0.6% combination treatments showed significant positive 
shift at 5% level in this variety. 
C.V. values were increased in all the mutagenic treatments over control in both the 
varieties. In var. Mayuri maximum C.V. values were 32.51% (1.0% EMS), 30.03% (75kR γ 
rays) and 31.02% (45kR+0.6%), while in case of var. Niharika these values were recorded to 
be 33.67% (0.8% EMS), 31.15% (90kR γ rays) and 34.11% (45kR+0.6%). 
5. Number of spikes per plant 
Data recorded for number of spikes per plant in both the varieties are presented in 
Table 15. Mean values for number of spikes per plant were shifted in both positive as well as 
in negative directions in mutagen treated populations in both the varieties. Generally, the 
positive shifts in mean values were noticed at the lower and some intermediate 
concentrations/doses of mutagens in both the varieties, whereas higher concentrations/doses 
induced the negative shift in mean values. 
 In case of var. Mayuri, significant positive shift in mean values at 1% level was 
observed at 0.2%, 0.4% (EMS); 15kR, 30kR, 45kR (γ rays) and 45kR+0.2% (combination) 
treatments, while mean values decreased significantly at 1% level in 0.8%, 1.0% (EMS); 
90kR (γ rays) and 45kR+0.1%, 45kR+0.6% combination treatments. Significant decrease in 
mean value at 5% level was seen at 75kR γ rays treatment in this variety. In var. Niharika 
0.2%, 0.4% (EMS); 15kR, 30kR (γ rays); 45kR+0.2% and 45kR+0.4% (combination) 
treatments showed significant positive shift in mean values at 1% level, while at the same 
level, significant negative shift was noticed at 1.0% EMS; 75kR and 90kR γ rays treatments. 
Significant positive and negative shifts in mean values at 5% level were observed at 0.1% and 
0.6% EMS treatments respectively in this variety. 
C.V. values were increased in all the mutagenic treatments in both the varieties. 
Maximum C.V. values observed in var. Mayuri were 8.12% (1.0% EMS), 7.30% (90kR γ 
rays) and 7.23% (45kR+0.6% combination), while in var. Niharika these values were 8.32% 
(0.6% EMS), 9.48% (60kR γ rays) and 7.77% (45kR+0.1% combination). 
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6. Spike length (cm) 
Data on the spike length (cm) in control and in treated populations in both the 
varieties are given in Table 16. Mean values for spike length were shifted in both positive as 
well as negative directions in treated populations as compared to controls. In general positive 
shifts in mean value were noticed at the lower and intermediate concentrations/doses of the 
mutagens with some exceptions in both the varieties. 
A glance at the data show that mutagenic treatments were not capable of inducing 
significant differences in mean spike length in two varieties with a single exception of 
45kR+0.6% combination treatment in var. Niharika, which showed a significant negative shift 
in mean value at 5% level. Positive shift in mean values was noticed at 0.2%, 0.4%, 0.6% 
(EMS); 15kR, 30kR, 45kR, 60kR (γ rays) and 45kR+0.4% (combination) treatments in var. 
Mayuri, whereas in case of var. Niharika 0.2%, 0.4% (EMS); 15kR, 30kR (γ rays) and 
45kR+0.4% (combination) treatments induced positive shift in mean values as compared to 
their respective control. 
C.V. value were increased over control in all the mutagenic treatments in both the 
varieties .The maximum C.V. value was reported at 0.6% EMS (35.05%), 75kR γ rays 
(32.41%) and 45kR+0.2% combination treatments (34.82%) in var. Mayuri, while in var. 
Niharika it was noticed at 0.4% EMS (30.79%), 75kR γ rays (34.41%) and 45kR+0.1% 
combination (30.99%) treatments. 
7. 1000-seed weight (g) 
Data recorded on 1000-seed weight (g) in control as well as in all the mutagenic 
treatments in both varieties are shown in Table 17. Both positive as well as negative shifts 
were noticed in the treated populations in both the varieties. 
However, most of the lower and intermediate treatments induced positive shift (with 
some exceptions), significant positive shifts at 5% level were noticed in 45kR+0.2% 
combination treatment in var. Mayuri and 0.2% EMS and 45kR+0.2% combination treatment 
in var. Niharika.  
C.V. values showed increase over control in both the varieties in the treated 
populations. Maximum C.V. values were reported 11.70% (0.6% EMS), 11.34% (30kR γ 
rays) and 12.15% (45kR+0.1%) in var. Mayuri, whereas in var. Niharika, these values were 
10.94% (0.4% EMS), 9.82% (75kR γ rays) and 9.71% (45kR+0.4%). 
8. Seed yield per plant (g) 
Data noticed for seed yield per plant in both the varieties in control and in mutagen 
treated populations are presented in Table 18.  
Seed 
germination    
(%)
Inhibition  
(%)    k
Seed 
germination    
(%)
Inhibition  
(%)    k
Seed 
germination    
(%)
Inhibition  
(%)    k
Seed 
germination    
(%)
Inhibition  
(%)    k
Control 86.67 - - 85.33 - - 94.00 - - 92.67 - -
0.1% 82.67 4.62 - 81.00 5.08 - 92.67 1.42 - 89.67 3.24 -
0.2% 80.67 6.92 - 79.33 7.03 - 90.00 4.26 - 86.00 7.19 -
0.4% 77.33 10.77 - 74.67 12.50 - 87.33 7.09 - 83.67 9.71 -
0.6% 72.00 16.92 - 72.67 14.84 - 80.67 14.18 - 83.00 10.43 -
0.8% 68.00 21.54 - 64.00 25.00 - 76.67 18.44 - 70.33 24.10 -
1.0% 58.67 32.31 - 57.33 32.81 - 65.33 30.50 - 62.00 33.09 -
Pooled mean 73.22 15.51 71.50 16.21 82.11 12.65 79.11 14.63
15kR 84.00 3.08 - 80.33 5.86 - 91.33 2.84 - 88.67 4.32 -
30kR 81.33 6.15 - 76.67 10.16 - 88.67 5.67 - 83.67 9.71 -
45kR 77.33 10.77 - 74.67 12.50 - 84.67 9.93 - 82.33 11.15 -
60kR 74.00 14.62 - 73.33 14.06 - 81.33 13.48 - 74.67 19.42 -
75kR 68.67 20.77 - 70.33 17.58 - 75.33 19.86 - 67.33 27.34 -
90kR 60.00 30.77 - 59.33 30.47 - 62.67 33.33 - 63.67 31.29 -
Pooled mean 74.22 14.36 72.44 15.10 80.67 14.18 76.72 17.21
45kR+0.1% 79.33 8.46 0.55 77.33 9.38 0.53 88.00 6.38 0.56 83.33 10.07 0.70
45kR+0.2% 76.00 12.31 0.70 75.00 12.11 0.62 84.67 9.93 0.70 79.33 14.39 0.78
45kR+0.4% 69.33 20.00 0.93 70.33 17.58 0.70 78.67 16.31 0.96 71.33 23.02 1.10
45kR+0.6% 59.33 31.54 1.14 56.67 33.59 1.23 65.33 30.50 1.26 61.67 33.45 1.55
Pooled mean 71.00 18.08 69.83 18.16 79.17 15.78 73.92 20.23
k = Coefficient of interaction
Mutagen Treatment
γ rays + 
EMS
Table 4: Effect of EMS, γ rays and their combination treatments on seed germination (in laboratory and in field conditions) in 
Plantago ovata  Forsk. vars. Mayuri and Niharika in M1 generation
EMS
γ rays
Var. Mayuri Var. Niharika
In laboratory In field In laboratory In field
Mean   
( ) ± S.E. S.D. C.V. (%)
 Injury   
(%)        k
Mean   
( ) ± S.E. S.D. C.V. (%)
 Injury   
(%)        k
Control 3.47 ± 0.07 0.26 7.50 - - 4.33 ± 0.07 0.25 5.83 - -
0.1% 3.37 ± 0.12 0.45 13.28 2.88 - 4.26 ± 0.19 0.75 17.61 1.62 -
0.2% 3.34 ± 0.08 0.32 9.45 3.75 - 4.17 ± 0.25 0.96 23.03 3.70 -
0.4% 3.21 ± 0.19 0.75 23.37 7.49 - 3.97 ± 0.28 1.07 26.96 8.31 -
0.6% 3.06 ± 0.18 0.69 22.40 11.82 - 3.92 ± 0.18 0.71 18.04 9.47 -
0.8% 2.95 ± 0.13 0.51 17.20 14.99 - 3.74 ± 0.21 0.82 21.88 13.63 -
1.0% 2.81 ± 0.14 0.55 19.69 19.02 - 3.67 ± 0.19 0.73 19.93 15.24 -
Pooled mean 3.12 ± 0.14 0.54 17.57 9.99 3.96 ± 0.22 0.84 21.24 8.66
15kR 3.27 ± 0.15 0.58 17.76 5.76 - 4.22 ± 0.24 0.95 22.43 2.54 -
30kR 3.15 ± 0.14 0.53 16.86 9.22 - 4.15 ± 0.21 0.82 19.77 4.16 -
45kR 2.98 ± 0.12 0.47 15.75 14.12 - 3.83 ± 0.15 0.59 15.49 11.55 -
60kR 2.91 ± 0.11 0.43 14.68 16.14 - 3.73 ± 0.17 0.67 18.04 13.86 -
75kR 2.86 ± 0.12 0.45 15.85 17.58 - 3.47 ± 0.17 0.67 19.31 19.86 -
90kR 2.65 ± 0.13 0.49 18.46 23.63 - 3.42 ± 0.15 0.56 16.51 21.02 -
Pooled mean 2.97 ± 0.13 0.49 16.56 14.41 3.80 ± 0.18 0.71 18.59 12.16
45kR+0.1% 3.03 ± 0.16 0.62 20.54 12.68 0.75 4.05 ± 0.20 0.76 18.77 6.47 0.49
45kR+0.2% 2.90 ± 0.18 0.68 23.53 16.43 0.92 3.88 ± 0.22 0.86 22.05 10.39 0.68
45kR+0.4% 2.77 ± 0.13 0.49 17.79 20.17 0.93 3.59 ± 0.16 0.64 17.74 17.09 0.86
45kR+0.6% 2.58 ± 0.13 0.50 19.45 25.65 0.99 3.47 ± 0.13 0.51 14.78 19.86 0.95
Pooled mean 2.82 ± 0.15 0.57 20.33 18.73 3.75 ± 0.18 0.69 18.33 13.45
k  = Coefficient of interaction
EMS
γ rays
γ rays +   
EMS
Table 5: Effect of EMS, γ rays and their combination treatments on seedling height (cm) in Plantago ovata Forsk. vars. Mayuri 
and Niharika in M1 generation
Var. Mayuri Var. Niharika
Mutagen Treatment
Pollen fertility     
(%)
Sterility            
(%)     k
Pollen fertility     
(%)
Sterility            
(%)     k
Control 87.71 - - 93.15 - -
0.1% 81.25 7.37 - 88.36 5.14 -
0.2% 80.63 8.07 - 87.98 5.55 -
0.4% 79.04 9.88 - 84.72 9.05 -
0.6% 69.72 20.51 - 80.31 13.78 -
0.8% 69.21 21.09 - 79.08 15.10 -
1.0% 66.35 24.35 - 74.83 19.67 -
Pooled mean 74.37 15.21 82.55 11.38
15kR 77.41 11.74 - 85.24 8.49 -
30kR 74.36 15.22 - 83.17 10.71 -
45kR 73.25 16.49 - 80.68 13.39 -
60kR 72.91 16.87 - 75.41 19.04 -
75kR 68.38 22.04 - 74.53 19.99 -
90kR 61.17 30.26 - 68.72 26.23 -
Pooled mean 71.25 18.77 77.96 16.31
45kR+0.1% 79.52 9.34 0.39 83.90 9.93 0.54
45kR+0.2% 74.14 15.47 0.63 81.44 12.57 0.66
45kR+0.4% 65.31 25.54 0.97 74.20 20.34 0.91
45kR+0.6% 63.47 27.64 0.75 69.51 25.38 0.93
Pooled mean 70.61 19.50 77.26 17.06
k = Coefficient of interaction
γ rays + 
EMS
Table 6: Effect of EMS, γ rays and their combination treatments on pollen fertility in Plantago ovata 
Forsk. vars. Mayuri and Niharika in M1 generation
EMS
γ rays
Var. Mayuri Var. Niharika
Mutagen Treatment
Plant survival     
(%)
Lethality           
(%)     k
Plant survival     
(%)
Lethality           
(%)     k
Control 96.48 - - 92.45 - -
0.1% 89.71 7.02 - 89.22 3.49 -
0.2% 86.13 10.73 - 88.76 3.99 -
0.4% 84.38 12.55 - 81.67 11.65 -
0.6% 76.61 20.60 - 75.90 17.89 -
0.8% 74.48 22.81 - 69.19 25.15 -
1.0% 61.05 36.73 - 68.82 25.56 -
Pooled mean 78.73 18.41 78.93 14.62
15kR 92.95 3.67 - 88.72 4.03 -
30kR 90.43 6.27 - 84.46 8.64 -
45kR 84.82 12.09 - 79.76 13.73 -
60kR 79.55 17.56 - 77.68 15.97 -
75kR 72.99 24.35 - 67.33 27.17 -
90kR 64.61 33.04 - 65.45 29.21 -
Pooled mean 80.89 16.16 77.23 16.46
45kR+0.1% 89.22 7.52 0.39 85.60 7.41 0.43
45kR+0.2% 82.22 14.78 0.65 79.41 14.10 0.80
45kR+0.4% 74.88 22.39 0.91 72.43 21.65 0.85
45kR+0.6% 64.71 32.94 1.01 62.16 32.76 1.04
Pooled mean 77.76 19.41 74.90 18.98
k = Coefficient of interaction
γ rays + 
EMS
Table 7: Effect of EMS, γ rays and their combination treatments on plant survival in Plantago ovata 
Forsk. vars. Mayuri and Niharika in M1 generation
EMS
γ rays
Var. Mayuri Var. Niharika
Mutagen Treatment
 
Control 533 - - - - - - - - - - - - - - - - - - - - - -
0.1% 526 23 0.19 - 0.38 0.38 - 0.38 0.19 - - - - 0.57 - 0.19 - - - - 0.19 0.38 -
0.2% 581 34 0.17 0.17 0.34 0.52 0.17 0.34 0.34 - - - - 0.86 0.17 0.17 - 0.17 - - 0.17 0.34 -
0.4% 473 51 0.42 0.42 0.63 0.63 0.42 0.63 0.63 0.21 - - - 1.06 0.21 0.42 - 0.21 - 0.21 0.63 0.42 -
0.6% 567 76 0.53 0.53 0.53 0.71 0.35 0.53 0.71 0.53 0.18 0.35 0.18 1.41 0.53 0.35 0.18 0.35 - 0.18 0.53 0.35 0.18
0.8% 514 85 0.58 0.58 0.78 0.78 0.39 0.58 0.78 0.58 0.39 0.39 0.39 1.56 0.78 0.39 0.39 0.39 0.19 0.39 0.58 0.58 0.19
1.0% 548 102 0.73 0.73 0.91 0.73 0.55 0.55 0.73 0.55 0.36 0.55 0.36 1.82 0.73 0.55 0.36 0.36 0.36 0.36 0.73 0.55 0.36
Pooled mean 534.83 61.83 0.44 0.41 0.60 0.62 0.31 0.50 0.56 0.31 0.16 0.21 0.16 1.21 0.40 0.35 0.16 0.25 0.09 0.19 0.47 0.44 0.12
15kR 484 33 0.21 0.21 0.21 0.41 0.21 0.62 0.41 - - - - 1.03 0.41 0.21 - 0.21 - - 0.21 0.21 -
30kR 569 43 0.35 0.35 0.35 0.35 0.18 0.35 0.35 0.18 - 0.18 - 1.05 0.35 0.18 - 0.18 - 0.18 0.18 0.35 -
45kR 480 57 0.42 0.42 0.83 0.42 0.21 0.83 0.63 0.42 - 0.21 0.21 1.25 0.42 0.42 - 0.21 0.21 0.21 0.42 0.42 -
60kR 588 85 0.68 0.51 0.68 0.85 0.51 0.68 0.51 0.34 - 0.34 0.17 1.53 0.51 0.34 0.17 0.34 0.34 0.17 0.51 0.34 0.17
75kR 602 101 0.66 0.66 0.83 1.00 0.50 0.83 0.66 0.50 0.17 0.33 0.33 1.66 0.50 0.50 0.33 0.33 0.33 0.33 0.50 0.50 0.33
90kR 591 123 0.68 0.68 0.85 1.18 0.51 0.85 0.85 0.51 0.51 0.51 0.51 1.69 0.68 0.68 0.51 0.51 0.34 0.51 0.51 0.68 0.34
Pooled mean 552.33 73.67 0.50 0.47 0.62 0.70 0.35 0.69 0.57 0.32 0.11 0.26 0.20 1.37 0.48 0.39 0.17 0.30 0.20 0.23 0.39 0.42 0.14
45kR+0.1% 566 64 0.53 0.35 0.53 0.53 0.18 0.35 0.53 0.35 0.18 0.35 0.35 1.06 0.35 0.35 0.18 0.18 - 0.18 0.35 0.53 0.18
45kR+0.2% 471 76 0.64 0.42 0.64 0.85 0.42 0.64 0.64 0.64 0.21 0.64 0.64 1.27 0.42 0.64 0.21 0.21 - 0.21 0.64 0.64 0.21
45kR+0.4% 477 113 1.05 0.84 0.63 1.47 0.42 0.84 1.05 0.84 0.42 0.63 0.84 2.10 0.84 1.05 0.42 0.63 0.21 0.21 0.84 0.63 0.42
45kR+0.6% 502 158 1.39 1.00 1.20 1.39 0.80 1.39 1.39 1.00 0.60 1.20 1.00 2.39 1.00 1.00 0.60 0.60 0.60 0.60 1.00 0.80 0.60
Pooled mean 504.00 102.75 0.90 0.65 0.75 1.06 0.45 0.81 0.90 0.71 0.35 0.70 0.71 1.71 0.65 0.76 0.35 0.40 0.20 0.30 0.71 0.65 0.35
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Table 8: Spectrum and frequency of meiotic aberrations induced by EMS, γ rays and their combination treatments in Plantago ovata  Forsk. var. Mayuri in M1 
generation
Anaphase I/II (%)
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- - - - - - - - - - - -
0.19 0.38 - - - 0.38 0.19 - - - 0.38 4.37
0.17 0.52 - - - 0.34 0.17 0.17 - - 0.52 5.85
0.42 0.85 - 0.21 0.21 0.42 0.42 0.21 - - 0.85 10.78
0.35 0.71 0.18 0.35 0.18 0.53 0.35 0.35 - 0.35 0.88 13.40
0.39 0.78 0.19 0.39 0.19 0.58 0.39 0.39 0.19 0.39 0.97 16.54
0.55 0.91 0.36 0.36 0.18 0.55 0.55 0.36 0.36 0.36 1.09 18.61
0.35 0.69 0.12 0.22 0.13 0.47 0.35 0.25 0.09 0.18 0.78 11.59
0.21 0.62 - - - 0.41 0.21 0.21 - - 0.62 6.82
0.18 0.70 - 0.18 - 0.35 0.35 0.18 - - 0.53 7.56
0.42 0.83 - 0.21 - 0.42 0.42 0.42 - 0.21 0.83 11.88
0.51 0.85 0.17 0.34 0.34 0.51 0.34 0.34 0.17 0.17 1.02 14.46
0.50 0.83 0.17 0.33 0.33 0.50 0.33 0.50 0.17 0.17 1.16 16.78
0.51 1.18 0.34 0.68 0.34 0.68 0.51 0.68 0.17 0.34 1.35 20.81
0.39 0.84 0.11 0.29 0.17 0.48 0.36 0.39 0.08 0.15 0.92 13.05
0.53 0.71 - 0.35 0.18 0.53 0.35 0.35 - - 0.71 11.31
0.64 1.06 - 0.42 0.21 0.64 0.42 0.42 - 0.21 1.27 16.14
0.84 1.26 0.42 0.42 0.42 0.63 0.84 0.63 0.21 0.42 1.26 23.69
1.00 1.59 0.60 0.80 0.60 0.80 0.80 1.00 0.60 0.40 1.79 31.47
0.75 1.15 0.25 0.50 0.35 0.65 0.60 0.60 0.20 0.26 1.26 20.65
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Control 517 - - - - - - - - - - - - - - - - - - - - - -
0.1% 481 19 0.21 - 0.21 0.42 0.21 0.21 0.21 - - - - 0.62 0.21 - - - - - 0.21 0.21 -
0.2% 527 28 0.19 0.19 0.19 0.38 0.19 0.38 0.38 - - - 0.19 0.57 0.19 - - 0.19 - - 0.38 0.19 -
0.4% 568 49 0.35 0.18 0.35 0.53 0.35 0.53 0.35 0.18 - - 0.18 0.88 0.35 - - 0.18 - 0.18 0.35 0.35 -
0.6% 493 54 0.41 0.20 0.61 0.61 0.41 0.61 0.41 0.41 0.20 - 0.20 1.01 0.41 - - 0.20 - 0.20 0.41 0.41 -
0.8% 542 78 0.55 0.37 0.55 0.74 0.55 0.74 0.55 0.37 0.18 0.37 0.37 1.11 0.37 0.37 0.18 0.37 0.18 0.37 0.55 0.55 0.18
1.0% 537 96 0.56 0.74 0.56 1.12 0.56 0.74 0.74 0.37 0.37 0.37 0.56 1.30 0.56 0.37 0.37 0.56 0.19 0.37 0.56 0.56 0.19
Pooled mean 524.67 54.00 0.38 0.28 0.41 0.63 0.38 0.53 0.44 0.22 0.13 0.12 0.25 0.92 0.35 0.12 0.09 0.25 0.06 0.19 0.41 0.38 0.06
15kR 512 23 0.20 0.20 0.39 0.39 - 0.39 0.20 - - - - 0.39 0.20 - - 0.20 - - 0.20 0.20 -
30kR 491 35 0.20 0.41 0.41 0.41 0.20 0.41 0.41 - - - - 0.81 0.41 - - 0.20 - 0.20 0.20 0.41 -
45kR 534 47 0.19 0.37 0.37 0.37 0.37 0.37 0.37 - - 0.19 0.19 0.94 0.37 - - 0.19 - 0.19 0.37 0.37 0.19
60kR 561 71 0.36 0.53 0.53 0.53 0.36 0.53 0.36 0.36 0.18 0.18 0.36 1.07 0.36 0.36 0.18 0.36 0.18 0.18 0.53 0.53 0.18
75kR 556 87 0.36 0.54 0.54 0.54 0.36 0.72 0.54 0.36 0.18 0.36 0.36 1.26 0.54 0.36 0.36 0.36 0.18 0.36 0.54 0.54 0.54
90kR 588 108 0.68 0.51 0.51 0.85 0.51 0.68 0.68 0.51 0.51 0.34 0.51 1.36 0.51 0.51 0.34 0.34 0.34 0.34 0.68 0.51 0.34
Pooled mean 540.33 61.83 0.33 0.43 0.46 0.52 0.30 0.52 0.43 0.20 0.14 0.18 0.24 0.97 0.40 0.20 0.15 0.27 0.12 0.21 0.42 0.43 0.21
45kR+0.1% 543 56 0.55 0.37 0.37 0.55 0.18 0.55 0.37 0.37 0.18 - 0.18 0.92 0.55 0.18 0.18 0.37 - 0.18 0.37 0.18 0.18
45kR+0.2% 563 76 0.53 0.36 0.53 0.71 0.36 0.53 0.53 0.36 0.36 0.18 0.36 1.24 0.53 0.18 0.36 0.36 0.18 0.18 0.36 0.36 0.36
45kR+0.4% 497 97 0.60 0.60 0.80 1.01 0.60 0.60 0.80 0.40 0.40 0.60 0.40 1.41 0.60 0.60 0.40 0.40 0.40 0.40 0.60 0.80 0.40
45kR+0.6% 518 147 0.77 0.97 0.97 1.54 0.77 1.35 1.16 0.77 0.58 0.58 0.77 2.12 0.97 0.77 0.58 0.58 0.58 0.77 0.97 0.77 0.77
Pooled mean 530.25 94.00 0.62 0.57 0.67 0.95 0.48 0.76 0.72 0.47 0.38 0.34 0.43 1.42 0.66 0.43 0.38 0.43 0.29 0.38 0.57 0.53 0.43
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Table 9: Spectrum and frequency of meiotic aberrations induced by EMS, γ rays and their combination treatments in Plantago ovata  Forsk. var. Niharika in M1 
generation
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- - - - - - - - - - - -
- 0.42 - - - 0.21 0.21 - - - 0.42 3.95
0.19 0.38 - - - 0.19 0.19 - - - 0.76 5.31
0.35 0.88 - - - 0.35 0.35 0.35 0.18 0.18 0.70 8.63
0.41 1.01 - 0.20 - 0.41 0.41 0.41 0.20 0.20 1.01 10.95
0.37 0.92 0.18 0.18 0.18 0.55 0.37 0.55 0.18 0.37 0.92 14.39
0.56 1.12 0.19 0.19 0.37 0.74 0.37 0.74 0.37 0.37 1.12 17.88
0.31 0.79 0.06 0.10 0.09 0.41 0.32 0.34 0.16 0.19 0.82 10.19
0.20 0.39 - - - 0.20 - 0.20 - - 0.59 4.49
0.20 0.61 - - 0.20 0.20 0.41 0.20 - - 0.61 7.13
0.37 0.75 - - 0.19 0.19 0.37 0.37 - 0.19 0.94 8.80
0.36 0.89 - 0.18 0.18 0.36 0.53 0.53 0.18 0.36 0.89 12.66
0.36 0.90 0.36 0.18 0.36 0.54 0.54 0.54 0.36 0.54 1.08 15.65
0.68 1.02 0.51 0.34 0.34 0.68 0.51 0.51 0.51 0.51 1.19 18.37
0.36 0.76 0.14 0.12 0.21 0.36 0.39 0.39 0.17 0.27 0.88 11.18
0.55 0.37 - - 0.18 0.37 0.37 0.55 - 0.37 0.74 10.31
0.53 0.71 0.18 - 0.36 0.53 0.36 0.53 0.18 0.53 0.71 13.50
0.80 1.01 0.20 0.20 0.40 0.60 0.60 0.60 0.40 0.60 1.21 19.52
0.97 1.35 0.39 0.58 0.58 0.97 0.77 0.97 0.58 0.58 1.54 28.38
0.71 0.86 0.19 0.20 0.38 0.62 0.52 0.66 0.29 0.52 1.05 17.93
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(%)
Telophase I/II 
(%)
Total aberrations 
(%)
Metaphase I/II 
(%)
Anaphase I/II 
(%)
Telophase I/II 
(%)
Total aberrations 
(%)
Control - - - - - - - -
0.1% 2.09 1.33 0.95 4.37 2.08 1.04 0.83 3.95
0.2% 2.93 1.72 1.20 5.85 2.66 1.52 1.14 5.31
0.4% 5.07 3.38 2.33 10.78 3.87 2.64 2.11 8.63
0.6% 6.53 3.70 3.17 13.40 5.07 3.04 2.84 10.95
0.8% 7.78 5.06 3.70 16.54 6.46 4.43 3.51 14.39
1.0% 8.58 5.84 4.20 18.61 8.01 5.40 4.47 17.88
Pooled mean 5.50 3.51 2.59 11.59 4.69 3.01 2.48 10.19
15kR 3.31 2.07 1.45 6.82 2.15 1.37 0.98 4.49
30kR 3.69 2.28 1.58 7.56 3.26 2.24 1.63 7.13
45kR 5.83 3.54 2.50 11.88 3.75 2.81 2.25 8.80
60kR 6.80 4.25 3.40 14.46 5.35 4.10 3.21 12.66
75kR 8.14 4.98 3.65 16.78 6.12 5.04 4.50 15.65
90kR 9.31 6.43 5.08 20.81 7.65 5.61 5.10 18.37
Pooled mean 6.18 3.93 2.94 13.05 4.71 3.53 2.94 11.18
45kR+0.1% 5.30 3.53 2.47 11.31 4.60 3.13 2.58 10.31
45kR+0.2% 7.64 4.88 3.61 16.14 6.04 4.09 3.37 13.50
45kR+0.4% 11.11 7.34 5.24 23.69 8.25 6.44 4.83 19.52
45kR+0.6% 14.74 9.36 7.37 31.47 12.36 9.07 6.95 28.38
Pooled mean 9.70 6.28 4.67 20.65 7.81 5.68 4.43 17.93
γ rays + 
EMS
Table 10: Comparative frequency of meiotic aberrations induced by EMS, γ rays and their combination treatments at different 
divisional stages of meiosis in Plantago ovata  Forsk. vars. Mayuri and Niharika in M1 generation
EMS
γ rays
Var. Mayuri Var. Niharika
Mutagen Treatment
 ± S.E. Shift in Mean S.D. C.V.(%) L.S.D.  ± S.E.
Shift in 
Mean S.D. C.V.(%) L.S.D.
Control 91.80 ± 0.63 - 2.46 2.67 95.73 ± 0.73 - 2.84 2.97
0.1% 91.13 ± 1.18 -0.67 4.58 5.03 96.07 ± 1.05 0.34 4.06 4.23
0.2% 90.93 ± 1.49 -0.87 5.78 6.35 94.27 ± 1.26 -1.46 4.88 5.17
0.4% 90.20 ± 1.31 -1.60 5.07 5.62 5% = 3.24 94.47 ± 1.33 -1.26 5.15 5.45 5% = 3.20
0.6% 91.27 ± 1.52 -0.53 5.87 6.44 1% = 4.29 95.80 ± 1.16 0.07 4.48 4.67 1% = 4.24
0.8% 92.07 ± 0.74 0.27 2.87 3.11 96.00 ± 1.32 0.27 5.11 5.33
1.0% 93.73 ± 0.86 1.93 3.33 3.55 97.47 ± 1.03 1.74 3.98 4.08
15kR 89.60 ± 1.18 -2.20 4.58 5.11 92.07* ± 1.55 -3.66 6.01 6.52
30kR 90.00 ± 0.94 -1.80 3.63 4.03 94.60 ± 1.26 -1.13 4.87 5.14
45kR 90.47 ± 1.24 -1.33 4.79 5.30 5% = 3.28 95.93 ± 1.36 0.20 5.27 5.49 5% = 3.44
60kR 92.53 ± 1.23 0.73 4.78 5.16 1% = 4.34 97.33 ± 1.09 1.60 4.22 4.34 1% = 4.55
75kR 91.60 ± 1.50 -0.20 5.79 6.32 96.13 ± 1.09 0.40 4.24 4.41
90kR 92.87 ± 1.26 1.07 4.88 5.26 97.67 ± 1.32 1.94 5.11 5.23
45kR+0.1% 91.53 ± 1.50 -0.27 5.79 6.33 99.67* ± 1.96 3.94 7.59 7.62
45kR+0.2% 90.20 ± 0.96 -1.60 3.71 4.11 5% = 3.11 95.13 ± 1.21 -0.60 4.69 4.93 5% = 3.57
45kR+0.4% 89.67 ± 1.08 -2.13 4.17 4.65 1% = 4.13 97.27 ± 1.03 1.54 3.97 4.08 1% = 4.75
45kR+0.6% 92.80 ± 1.17 1.00 4.52 4.87 99.40* ± 1.06 3.67 4.12 4.14
*Significant at 5% level
γ rays
γ rays + 
EMS
Table 11: Estimates of mean ( ), shift in mean, standard deviation (S.D.) and coefficient of variation (C.V.) for days to flowering 
in Plantago ovata  Forsk. vars. Mayuri and Niharika in M1 generation
TreatmentMutagen
EMS
Var. Mayuri Var. Niharika
 ± S.E. Shift in Mean S.D. C.V.(%) L.S.D.  ± S.E.
Shift in 
Mean S.D. C.V.(%) L.S.D.
Control 34.38 ± 0.41 - 1.58 4.59 38.76 ± 0.32 - 1.24 3.20
0.1% 30.57** ± 0.69 -3.81 2.67 8.75 34.97** ± 0.81 -3.79 3.14 8.99
0.2% 32.68 ± 0.74 -1.70 2.87 8.79 36.79 ± 0.74 -1.97 2.88 7.82
0.4% 33.96 ± 0.81 -0.42 3.13 9.21 5% = 1.91 37.85 ± 0.88 -0.91 3.42 9.03 5% = 2.12
0.6% 31.35** ± 0.65 -3.03 2.50 7.99 1% = 2.52 32.82** ± 0.62 -5.94 2.42 7.37 1% = 2.81
0.8% 29.90** ± 0.73 -4.48 2.82 9.42 35.10** ± 1.00 -3.66 3.85 10.98
1.0% 29.15** ± 0.66 -5.23 2.56 8.77 33.97** ± 0.72 -4.79 2.80 8.24
15kR 33.48 ± 0.82 -0.90 3.18 9.49 37.99 ± 0.99 -0.77 3.82 10.05
30kR 33.08 ± 0.94 -1.30 3.66 11.05 35.87* ± 0.83 -2.89 3.23 9.01
45kR 32.63 ± 0.59 -1.75 2.30 7.06 5% = 2.02 35.84* ± 0.84 -2.92 3.26 9.09 5% = 2.24
60kR 31.77* ± 0.66 -2.61 2.56 8.05 1% = 2.67 34.45** ± 0.99 -4.31 3.85 11.16 1% = 2.96
75kR 31.15** ± 0.70 -3.23 2.69 8.65 33.77** ± 0.70 -4.99 2.72 8.04
90kR 30.33** ± 0.79 -4.05 3.05 10.07 31.74** ± 0.70 -7.02 2.72 8.58
45kR+0.1% 32.28* ± 0.63 -2.10 2.43 7.53 33.90** ± 0.76 -4.86 2.96 8.73
45kR+0.2% 33.05 ± 0.69 -1.33 2.66 8.05 5% = 1.94 36.95 ± 0.96 -1.81 3.72 10.08 5% = 2.11
45kR+0.4% 32.99 ± 0.88 -1.39 3.39 10.28 1% = 2.58 35.86** ± 0.87 -2.90 3.39 9.44 1% = 2.81
45kR+0.6% 31.55** ± 0.75 -2.83 2.92 9.25 32.75** ± 0.66 -6.01 2.56 7.80
*Significant at 5% level, **Significant at 1% level
γ rays
γ rays + 
EMS
Table 12: Estimates of mean ( ), shift in mean, standard deviation (S.D.) and coefficient of variation (C.V.) for plant height (cm) 
in Plantago ovata  Forsk. vars.  Mayuri and Niharika  in M1 generation
TreatmentMutagen
EMS
Var. Mayuri Var. Niharika
 ± S.E. Shift in Mean S.D. C.V.(%) L.S.D.  ± S.E.
Shift in 
Mean S.D. C.V.(%) L.S.D.
Control 136.47 ± 0.40 - 1.55 1.14 146.33 ± 0.49 - 1.91 1.31
0.1% 137.13 ± 0.98 0.66 3.78 2.75 148.27 ± 1.07 1.94 4.13 2.79
0.2% 134.47 ± 1.09 -2.00 4.21 3.13 143.27* ± 1.22 -3.06 4.74 3.31
0.4% 133.73* ± 0.94 -2.74 3.65 2.73 5% = 2.71 145.13 ± 0.89 -1.20 3.44 2.37 5% = 2.87
0.6% 135.80 ± 1.04 -0.67 4.02 2.96 1% = 3.58 147.60 ± 0.98 1.27 3.79 2.57 1% = 3.81
0.8% 137.60 ± 0.92 1.13 3.58 2.60 145.20 ± 1.08 -1.13 4.18 2.88
1.0% 138.27 ± 1.18 1.80 4.57 3.31 148.47 ± 1.25 2.14 4.82 3.25
15kR 133.60* ± 0.95 -2.87 3.68 2.75 146.00 ± 0.77 -0.33 2.98 2.04
30kR 132.13** ± 1.05 -4.34 4.09 3.09 145.60 ± 1.06 -0.73 4.12 2.83
45kR 134.33 ± 1.32 -2.14 5.09 3.79 5% = 2.85 147.27 ± 1.24 0.94 4.82 3.27 5% = 2.76
60kR 135.40 ± 1.12 -1.07 4.34 3.20 1% = 3.78 148.20 ± 0.93 1.87 3.61 2.44 1% = 3.66
75kR 136.67 ± 1.06 0.20 4.10 3.00 147.53 ± 0.93 1.20 3.60 2.44
90kR 137.20 ± 0.98 0.73 3.78 2.76 149.13* ± 1.24 2.80 4.79 3.21
45kR+0.1% 137.53 ± 0.84 1.06 3.25 2.36 148.33 ± 0.98 2.00 3.81 2.57
45kR+0.2% 135.13 ± 1.12 -1.34 4.34 3.21 5% = 2.56 144.73 ± 0.97 -1.60 3.75 2.59 5% = 2.64
45kR+0.4% 136.07 ± 1.13 -0.40 4.38 3.22 1% = 3.40 147.20 ± 0.92 0.87 3.55 2.41 1% = 3.51
45kR+0.6% 138.20 ± 0.85 1.73 3.28 2.37 149.27* ± 1.18 2.94 4.57 3.06
*Significant at 5% level, **Significant at 1% level
γ rays
γ rays + 
EMS
Table 13: Estimates of mean ( ), shift in mean, standard deviation (S.D.) and coefficient of variation (C.V.) for days to maturity in 
Plantago ovata  Forsk. vars. Mayuri and Niharika in M1 generation
TreatmentMutagen
EMS
Var. Mayuri Var. Niharika
 ± S.E. Shift in Mean S.D. C.V.(%) L.S.D.  ± S.E.
Shift in 
Mean S.D. C.V.(%) L.S.D.
Control 5.27 ± 0.25 - 0.96 18.25 5.13 ± 0.24 - 0.92 17.83
0.1% 4.40 ± 0.29 -0.87 1.12 25.48 4.27 ± 0.30 -0.86 1.16 27.26
0.2% 5.93 ± 0.41 0.66 1.58 26.62 5.73 ± 0.37 0.60 1.44 25.07
0.4% 5.53 ± 0.34 0.26 1.30 23.53 5% = 0.95 5.47 ± 0.36 0.34 1.41 25.75 5% = 0.90
0.6% 4.67 ± 0.39 -0.60 1.50 32.06 1% = 1.25 4.40 ± 0.31 -0.73 1.18 26.89 1% = 1.19
0.8% 4.00** ± 0.31 -1.27 1.20 29.88 3.87** ± 0.34 -1.26 1.30 33.67
1.0% 4.27* ± 0.36 -1.00 1.39 32.51 3.73** ± 0.30 -1.40 1.16 31.15
15kR 6.33* ± 0.47 1.06 1.84 29.03 6.20* ± 0.38 1.07 1.47 23.77
30kR 6.07 ± 0.38 0.80 1.49 24.50 5.67 ± 0.42 0.54 1.63 28.82
45kR 5.07 ± 0.33 -0.20 1.28 25.26 5% = 1.05 4.07* ± 0.21 -1.06 0.80 19.64 5% = 0.90
60kR 5.13 ± 0.36 -0.14 1.41 27.42 1% = 1.40 3.80** ± 0.30 -1.33 1.15 30.17 1% = 1.19
75kR 5.47 ± 0.42 0.20 1.64 30.03 4.40 ± 0.35 -0.73 1.35 30.73
90kR 5.00 ± 0.37 -0.27 1.41 28.28 3.73** ± 0.30 -1.40 1.16 31.15
45kR+0.1% 4.80 ± 0.33 -0.47 1.26 26.35 3.60** ± 0.29 -1.53 1.12 31.15
45kR+0.2% 5.60 ± 0.43 0.33 1.68 30.03 5% = 1.03 5.47 ± 0.35 0.34 1.36 24.80 5% = 0.89
45kR+0.4% 5.33 ± 0.41 0.06 1.59 29.79 1% = 1.37 4.53 ± 0.32 -0.60 1.25 27.48 1% = 1.18
45kR+0.6% 4.67 ± 0.37 -0.60 1.45 31.02 4.07* ± 0.36 -1.06 1.39 34.11
*Significant at 5% level, **Significant at 1% level
γ rays
γ rays + 
EMS
Table 14: Estimates of mean ( ), shift in mean, standard deviation (S.D.) and coefficient of variation (C.V.) for number of tillers 
per plant in Plantago ovata  Forsk. vars. Mayuri and Niharika M1 generation
TreatmentMutagen
EMS
Var. Mayuri Var. Niharika
 ± S.E. Shift in Mean S.D. C.V.(%) L.S.D.  ± S.E.
Shift in 
Mean S.D. C.V.(%) L.S.D.
Control 59.73 ± 0.55 - 2.12 3.55 55.60 ± 0.58 - 2.26 4.07
0.1% 60.67 ± 0.96 0.94 3.72 6.13 59.07* ± 0.97 3.47 3.75 6.35
0.2% 68.47** ± 0.98 8.74 3.78 5.52 66.47** ± 0.96 10.87 3.72 5.60
0.4% 63.60** ± 0.97 3.87 3.74 5.88 5% = 2.72 60.00** ± 0.97 4.40 3.74 6.24 5% = 2.68
0.6% 57.33 ± 1.04 -2.40 4.03 7.03 1% = 3.60 52.80* ± 1.13 -2.80 4.39 8.32 1% = 3.55
0.8% 54.13** ± 1.08 -5.60 4.19 7.74 54.80 ± 1.02 -0.80 3.95 7.21
1.0% 52.40** ± 1.10 -7.33 4.26 8.12 48.73** ± 0.97 -6.87 3.75 7.70
15kR 71.13** ± 0.96 11.40 3.72 5.23 70.40** ± 0.99 14.80 3.85 5.47
30kR 66.87** ± 0.98 7.14 3.78 5.65 64.73** ± 1.03 9.13 4.01 6.19
45kR 64.47** ± 0.97 4.74 3.74 5.80 5% = 2.65 57.80 ± 0.97 2.20 3.75 6.48 5% = 2.79
60kR 61.73 ± 1.07 2.00 4.15 6.72 1% = 3.51 52.87 ± 1.29 -2.73 5.01 9.48 1% = 3.69
75kR 56.40* ± 1.01 -3.33 3.91 6.93 50.47** ± 0.98 -5.13 3.80 7.52
90kR 52.53** ± 0.99 -7.20 3.83 7.30 45.93** ± 0.97 -9.67 3.77 8.21
45kR+0.1% 55.87** ± 0.93 -3.86 3.60 6.45 55.40 ± 1.11 -0.20 4.31 7.77
45kR+0.2% 72.27** ± 0.99 12.54 3.84 5.32 5% = 2.60 64.27** ± 1.20 8.67 4.65 7.24 5% = 2.73
45kR+0.4% 62.13 ± 1.04 2.40 4.03 6.49 1% = 3.45 59.87** ± 0.95 4.27 3.66 6.12 1% = 3.62
45kR+0.6% 53.53** ± 1.00 -6.20 3.87 7.23 53.53 ± 0.88 -2.07 3.40 6.35
*Significant at 5% level, **Significant at 1% level
γ rays
γ rays + 
EMS
Table 15: Estimates of mean ( ), shift in mean, standard deviation (S.D.) and coefficient of variation (C.V.) for number of spikes 
per plant in Plantago ovata  Forsk. vars. Mayuri and Niharika in M1 generation 
TreatmentMutagen
EMS
Var. Mayuri Var. Niharika
 ± S.E. Shift in Mean S.D. C.V.(%) L.S.D.  ± S.E.
Shift in 
Mean S.D. C.V.(%) L.S.D.
Control 3.67 ± 0.19 - 0.75 20.54 4.75 ± 0.25 - 0.96 20.30
0.1% 3.61 ± 0.28 -0.06 1.07 29.67 4.68 ± 0.33 -0.07 1.27 27.04
0.2% 3.91 ± 0.28 0.24 1.10 28.19 5.25 ± 0.35 0.50 1.35 25.68
0.4% 3.90 ± 0.34 0.23 1.33 34.15 5% = 0.79 5.03 ± 0.40 0.28 1.55 30.79 5% = 0.90
0.6% 3.75 ± 0.34 0.08 1.31 35.05 1% = 1.04 3.93 ± 0.30 -0.82 1.15 29.17 1% = 1.19
0.8% 3.45 ± 0.23 -0.22 0.90 25.99 4.26 ± 0.31 -0.49 1.20 28.15
1.0% 3.36 ± 0.26 -0.31 1.02 30.22 4.16 ± 0.28 -0.59 1.09 26.19
15kR 4.15 ± 0.29 0.48 1.11 26.79 5.41 ± 0.37 0.66 1.45 26.83
30kR 4.04 ± 0.26 0.37 1.01 24.98 5.30 ± 0.39 0.55 1.52 28.73
45kR 3.74 ± 0.25 0.07 0.98 26.33 5% = 0.74 4.36 ± 0.36 -0.39 1.38 31.67 5% = 0.96
60kR 3.89 ± 0.27 0.22 1.05 27.03 1% = 0.98 4.65 ± 0.35 -0.10 1.37 29.56 1% = 1.28
75kR 3.67 ± 0.31 0.00 1.19 32.41 3.83 ± 0.34 -0.92 1.32 34.41
90kR 3.41 ± 0.25 -0.26 0.98 28.90 4.25 ± 0.32 -0.50 1.24 29.05
45kR+0.1% 3.58 ± 0.26 -0.09 1.02 28.53 3.97 ± 0.32 -0.78 1.23 30.99
45kR+0.2% 3.67 ± 0.33 0.00 1.28 34.82 5% = 0.75 4.51 ± 0.33 -0.24 1.26 27.96 5% = 0.88
45kR+0.4% 3.91 ± 0.30 0.24 1.15 29.40 1% = 1.00 4.92 ± 0.37 0.17 1.44 29.19 1% = 1.17
45kR+0.6% 3.19 ± 0.23 -0.48 0.88 27.62 3.67* ± 0.28 -1.08 1.10 30.03
*Significant at 5% level
γ rays
γ rays + 
EMS
Table 16: Estimates of mean ( ), shift in mean, standard deviation (S.D.) and coefficient of variation (C.V.) for spike length (cm)  
in Plantago ovata  Forsk. vars. Mayuri and Niharika in M1 generation
TreatmentMutagen
EMS
Var. Mayuri Var. Niharika
 ± S.E. Shift in Mean S.D. C.V.(%) L.S.D.  ± S.E.
Shift in 
Mean S.D. C.V.(%) L.S.D.
Control 1.20 ± 0.02 - 0.06 5.17 1.38 ± 0.02 - 0.08 5.45
0.1% 1.19 ± 0.03 -0.01 0.10 8.50 1.37 ± 0.03 -0.01 0.12 8.54
0.2% 1.25 ± 0.03 0.05 0.12 9.46 1.48* ± 0.04 0.10 0.14 9.53
0.4% 1.28 ± 0.03 0.08 0.12 9.43 5% = 0.08 1.43 ± 0.04 0.05 0.16 10.94 5% = 0.09
0.6% 1.21 ± 0.04 0.01 0.14 11.70 1% = 0.11 1.38 ± 0.03 0.00 0.11 8.13 1% = 0.12
0.8% 1.19 ± 0.02 -0.01 0.09 7.74 1.33 ± 0.03 -0.05 0.13 9.87
1.0% 1.16 ± 0.03 -0.04 0.12 10.01 1.33 ± 0.04 -0.05 0.14 10.53
15kR 1.26 ± 0.03 0.06 0.12 9.55 1.42 ± 0.03 0.04 0.12 8.66
30kR 1.28 ± 0.04 0.08 0.14 11.34 1.41 ± 0.03 0.03 0.13 9.21
45kR 1.20 ± 0.03 0.00 0.12 10.09 5% = 0.08 1.35 ± 0.03 -0.03 0.12 8.66 5% = 0.09
60kR 1.23 ± 0.03 0.03 0.13 10.79 1% = 0.11 1.36 ± 0.03 -0.02 0.13 9.69 1% = 0.11
75kR 1.18 ± 0.03 -0.02 0.10 8.31 1.34 ± 0.03 -0.04 0.13 9.82
90kR 1.18 ± 0.02 -0.02 0.08 7.09 1.32 ± 0.03 -0.06 0.12 8.84
45kR+0.1% 1.24 ± 0.04 0.04 0.15 12.15 1.35 ± 0.03 -0.03 0.11 8.30
45kR+0.2% 1.31* ± 0.04 0.11 0.14 10.68 5% = 0.09 1.49* ± 0.03 0.11 0.13 8.50 5% = 0.09
45kR+0.4% 1.28 ± 0.03 0.08 0.12 9.40 1% = 0.12 1.45 ± 0.04 0.07 0.14 9.71 1% = 0.12
45kR+0.6% 1.17 ± 0.03 -0.03 0.10 8.58 1.36 ± 0.03 -0.02 0.13 9.53
*Significant at 5% level
γ rays + 
EMS
Var. Mayuri Var. Niharika
Table 17: Estimates of mean ( ), shift in mean, standard deviation (S.D.) and coefficient of variation (C.V.) for 1000-seed weight 
(g) in  Plantago ovata  Forsk. vars. Mayuri and Niharika in M1 generation
TreatmentMutagen
EMS
γ rays
 ± S.E. Shift in Mean S.D. C.V.(%) L.S.D.  ± S.E.
Shift in 
Mean S.D. C.V.(%) L.S.D.
Control 4.16 ± 0.21 - 0.82 19.77 5.06 ± 0.28 - 1.08 21.33
0.1% 3.45 ± 0.42 -0.71 1.62 46.90 4.76 ± 0.39 -0.30 1.49 31.36
0.2% 4.37 ± 0.45 0.21 1.74 39.88 5.88 ± 0.51 0.82 1.99 33.89
0.4% 4.48 ± 0.40 0.32 1.55 34.70 5% = 1.16 5.59 ± 0.44 0.53 1.72 30.69 5% = 1.23
0.6% 4.29 ± 0.42 0.13 1.64 38.27 1% = 1.54 5.37 ± 0.54 0.31 2.09 38.87 1% = 1.63
0.8% 3.34 ± 0.47 -0.82 1.82 54.40 4.75 ± 0.41 -0.31 1.58 33.18
1.0% 3.39 ± 0.47 -0.77 1.81 53.47 4.67 ± 0.44 -0.39 1.72 36.87
15kR 4.70 ± 0.58 0.54 2.26 48.13 6.43* ± 0.52 1.37 2.02 31.46
30kR 4.65 ± 0.43 0.49 1.68 36.19 5.67 ± 0.49 0.61 1.91 33.72
45kR 4.20 ± 0.43 0.04 1.67 39.83 5% = 1.25 4.67 ± 0.41 -0.39 1.61 34.36 5% = 1.27
60kR 4.03 ± 0.49 -0.13 1.89 46.97 1% = 1.66 4.55 ± 0.42 -0.51 1.63 35.86 1% = 1.68
75kR 3.75 ± 0.44 -0.41 1.69 45.17 4.48 ± 0.50 -0.58 1.95 43.44
90kR 3.98 ± 0.45 -0.18 1.73 43.51 4.59 ± 0.49 -0.47 1.90 41.52
45kR+0.1% 3.56 ± 0.35 -0.60 1.34 37.62 4.48 ± 0.37 -0.58 1.45 32.34
45kR+0.2% 4.46 ± 0.39 0.30 1.53 34.25 5% = 1.07 5.49 ± 0.41 0.43 1.58 28.79 5% = 1.09
45kR+0.4% 4.56 ± 0.48 0.40 1.85 40.67 1% = 1.42 4.63 ± 0.42 -0.43 1.64 35.42 1% = 1.45
45kR+0.6% 3.58 ± 0.41 -0.58 1.60 44.59 4.42 ± 0.43 -0.64 1.67 37.67
*Significant at 5% level
γ rays
γ rays + 
EMS
Table 18: Estimates of mean ( ), shift in mean, standard deviation (S.D.) and coefficient of variation (C.V.) for seed yield per 
plant (g) in Plantago ovata  Forsk. vars. Mayuri and Niharika in M1 generation
TreatmentMutagen
EMS
Var. Mayuri Var. Niharika
 Graph 1: LD50 value of EMS, γ rays and their combination treatments for Plantago 
ovata Forsk. vars. Mayuri and Niharika 
 
Graph 2: Effect of mutagenic treatments on seed germination (%) (in laboratory 
and in field conditions) in Plantago ovata Forsk. vars. Mayuri and Niharika in M1 
generation 
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 Graph 3: Effect of mutagenic treatments on seedling height (cm) in Plantago ovata 
Forsk. vars.  Mayuri and Niharika in M1 generation 
 
Graph 4: Effect of mutagenic treatments on pollen fertility (%) in Plantago ovata 
Forsk. vars.  Mayuri and Niharika in M1 generation 
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Graph 5: Effect of mutagenic treatments on plant survival (%) in Plantago ovata 
Forsk. vars.  Mayuri and Niharika in M1 generation 
 
Graph 6: Total frequency of meiotic aberrations induced by the mutagenic 
treatments in Plantago ovata Forsk. vars.  Mayuri and Niharika in M1 generation 
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Mean values for seed yield per plant shifted in both positive and negative directions 
in both the varieties and no significant shift in mean value was reported in any mutagenic 
treatment at 1% and 5% levels, except only at 15kR γ rays treatment in var. Niharika, which 
induced significant positive shift at 5% level. Maximum positive shift in mean values was 
noticed at 0.4% EMS, 15kR γ rays and 45kR+0.4% combination treatment in var. Mayuri, 
whereas in var. Niharika it was observed at 0.2% EMS, 15kR γ rays and 45kR+0.2% 
combination treatment. 
C.V. was more in all the mutagenic treatments as compared to their respective 
controls in both the varieties. Maximum C.V. values were noticed at 0.8% EMS (54.40%), 
15kR γ rays (48.13%) and 45kR+0.6% combination (44.59%) treatments in var. Mayuri. In 
var. Niharika maximum C.V. values were 38.87% (0.6% EMS), 43.44% (75kR γ rays) and 
37.67% (45kR+0.6%). 
4.2. Studies in M2 generation 
 In M₂ generation, effects of different mutagenic treatments of EMS, γ rays and their 
combinations were also studied on the induction of chlorophyll and morphological mutations, 
effectiveness and efficiency of mutagens along with all other parameters same as in M1 
generation. 
4.2.1. Seed germination 
Data recorded on seed germination in petridishes (in laboratory) and in field 
conditions for both the varieties are shown in Table 19. A dose dependent decrease in the seed 
germination leading to increase in inhibition percentage was noticed in all the mutagenic 
treatments in both the varieties in laboratory as well as in field conditions (Graph 7). Seed 
germination was noticed 86.00% and 85.76% in control of var. Mayuri and 95.33% and 
94.24% in control of var. Niharika, in laboratory and in field conditions respectively. Among 
the mutagenic treatments, maximum seed germination was obtained at the lowest 
concentration/dose of the mutagens in both the varieties in laboratory as well as in field 
conditions. In var. Mayuri it was decreased from 84.00% to 66.67% and 84.47% to 67.29% 
(EMS); 85.33% to 66.00% and 83.76% to 67.41% (γ rays); 81.33% to 65.33% and 81.88% to 
65.33% (combination) treatments in laboratory and in field conditions respectively, while in 
var. Niharika it was decreased from 94.00% to 74.00% and 92.71% to 75.06% (EMS); 
93.33% to 68.67% and 90.59% to 66.71% (γ rays); 93.33% to 70.67% and 85.76% to 69.18% 
(combinations) in laboratory and in field conditions respectively. Although seed germination 
continued to decrease in the mutagenic treatments in M₂ generation also, the extent of 
EXPERIMENTAL RESULTS 
 
 
 
70
inhibition was low as compared to M₁ generation, showing the decrease in mutagenic effect in 
M₂ generation. 
Maximum inhibition in seed germination was observed at the highest 
concentration/dose of the mutagens. It was recorded to be 22.48% (1.0% EMS), 23.26% 
(90kR γ rays) and 24.03% (45kR+0.6% combination) in laboratory condition and 21.54% 
(1.0% EMS), 21.40% (90kR γ rays) and 23.59% (45kR+0.6% combination) in field condition 
in var. Mayuri. In case of var. Niharika the maximum inhibition was 22.38%, 27.97% and 
25.87% (1.0% EMS, 90kR γ rays, and 45kR+0.6% combination treatments respectively) in 
laboratory conditions, whereas in field conditions it was recorded 20.35%, 29.21% and 
26.59% at 1.0% EMS, 90kR γ rays and 45kR+0.6% combination treatments respectively. 
The pooled mean values for seed germination and inhibition indicate that 
combination treatments were more effective as they showed more inhibition in seed 
germination in both the varieties. The order of effectiveness with respect to inhibition was γ 
rays+EMS > EMS > γ rays in var. Mayuri and γ rays+EMS > γ rays > EMS in var. Niharika. 
Inhibition was comparatively more in field conditions as compare to laboratory conditions in 
both the varieties. Var. Mayuri was more sensitive than var. Niharika with respect to 
inhibition in seed germination. 
Coefficient of interaction for combination treatments was found less than additive in 
all the combination treatments except 45kR+0.6% treatment which showed synergistic effect 
in both the varieties in both the experimental conditions. Moreover, 45kR+0.4% treatment in 
var. Niharika also showed synergistic effect in field condition.  
4.2.2. Pollen fertility 
Data on pollen fertility are presented in Table 20 for vars. Mayuri and Niharika. 
Although, pollen fertility continued to show gradual decrease with increasing 
concentrations/doses of mutagens, the sterility with respect to control was less as compared to 
M₁ generation in both the varieties (Graph 8). In control, pollen fertility was noticed 88.32% 
and 93.29% in var. Mayuri and var. Niharika respectively. It decreased from 84.43% to 
68.12% (EMS), 83.15% to 65.26% (γ rays) and 83.80% to 68.37% (combinations) in var. 
Mayuri, while in var. Niharika, it decreased from 90.32% to 77.44% (EMS), 86.92% to 
73.63% (γ rays) and 87.38% to 72.64% (combinations). 
However, highest pollen sterility was noticed at the highest concentration/dose of the 
mutagens in both the varieties, 90kR dose of γ rays in var. Mayuri and 45kR+0.6% 
combination treatment in var. Niharika showed the maximum pollen sterility (i.e., 26.11% 
and 22.14% respectively) among all the mutagenic treatments. 
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Pooled mean values for pollen fertility and sterility indicate that EMS treatments 
showed the maximum pollen fertility in both the varieties (i.e., 78.26% in var. Mayuri and 
84.53% in var. Niharika), while combination treatments were found to be more effective with 
respect to pollen sterility (i.e., 15.80% in var. Mayuri and 13.71% in var. Niharika) as 
compared to individual treatments in both the varieties and the order of effectiveness was γ 
rays+EMS > γ rays > EMS in both the varieties. Moreover, var. Mayuri was noticed to be 
more sensitive than var. Niharika in this regard. 
Coefficient of interaction for all the combination treatments was noticed to be less 
than additive in both the varieties except 45kR+0.6% treatment in var. Niharika, which 
showed additive effect at this treatment. 
4.3.3. Plant survival 
Data on plant survival at the time of maturity is presented in Table 21 for vars. 
Mayuri and Niharika. Survival of plants decreased with the increase in mutagenic treatments 
in both the varieties, however, the reduction was less as compared to M₁ generation (Graph 9). 
Maximum survival percentage was noticed at the lowest concentration/dose of the mutagens, 
applied individually as well as in combination. Plant survival was 97.12% and 93.26% in 
controls of var. Mayuri and var. Niharika respectively. In var. Mayuri it was decreased from 
93.45% to 70.80%, 94.80% to 74.52% and 90.52% to 70.74% in EMS, γ rays and 
combination treatments respectively, whereas in var. Niharika, it decreased from 90.48% to 
75.55% (EMS), 90.65% to 72.84% (γ rays) and 89.44% to 73.13% (combination). 
Maximum lethality i.e., 27.10%, 23.27% and 27.17%  in var. Mayuri and 18.99%, 
21.89% and 21.58% in var. Niharika, was noticed at 1.0% EMS, 90kR γ rays and 45kR+0.6% 
combination treatments respectively in both the varieties. Among all the mutagenic 
treatments, 45kR+0.6% combination treatment in var. Mayuri and 90kR γ rays treatment in 
var. Niharika induced highest lethality percentage (i.e., 27.17% and 21.89% respectively). 
The pooled mean values of plant survival and lethality percentage reveal that 
combination treatments continued to be most effective followed by individual treatments in 
both varieties and the order of effectiveness was γ rays+EMS > EMS > γ rays in var. Mayuri 
and γ rays+EMS > γ rays > EMS in var. Niharika. Moreover, var. Mayuri was found to be 
more sensitive than var. Niharika in this regard.                                              
Coefficient of interaction showed less than additive effect for all combination 
treatments except 45kR+0.6% treatment in both the varieties, which showed more than 
additive effect. 
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4.2.4. Chlorophyll mutations  
Based on the intensity of pigmentation at seedling stage 4 different types of 
chlorophyll mutants, namely xantha, striata, chlorina and virescens, were scored in the 
mutagen treated populations in both the varieties in M₂ generation. The representative 
photographs of these chlorophyll mutants are given in Plate 9, Fig. 91-96. All these 
chlorophyll deficient mutants were noticed in individual as well as in combination treatments 
of EMS and γ rays in both the varieties. Varietal sensitivity was also noticed in this respect. A 
brief description of these chlorophyll mutants is given below: 
Xantha: Seedlings were straw yellow or whitish yellow in colour and showed normal growth 
in the beginning but started withering after 3-4 days and ultimately died within 2-3 days. Thus 
these seedlings were survived for only 6-7 days after germination (Plate 9, Fig. 92). 
Striata: Seedlings showed yellow or white strips, extending up to the tips, alternating with 
the green colour in leaves and survived for 10-12 days, however some survived till maturity 
and having low seed yield (Plate 9, Fig. 93 and 94). 
Chlorina: Seedlings were light yellowish green in colour and often viable, gradually 
resuming the normal green colour and showed normal growth but having low seed yield as 
compared to control. However, sometimes they were lethal and survived only for 8-10 days 
(Plate 9, Fig. 95). 
Virescens: Seedlings were light green in colour in the beginning but gradually changed to 
dark green at later stages of development and were as vigorous as normal plants and set seeds 
normally (Plate 9, Fig. 96). 
Spectrum and frequency of chlorophyll mutations induced by EMS, γ rays and their 
combination treatments in vars. Mayuri and Niharika of isabgol in M₂ generation is given in 
Tables 22 and 23. The frequency of chlorophyll mutations was calculated on the basis of M₂ 
seedling population. As shown in the tables the total frequency of chlorophyll mutations 
increased with an increase in concentrations/doses of the mutagens applied individually as 
well as in combination, in both the varieties (Graph 10). Highest frequency of chlorophyll 
mutations was observed at the highest concentration/dose of each mutagen and their 
combinations treatments. Both the varieties responded differently to the mutagenic treatments 
in relation to the frequency of chlorophyll mutations. Among all the mutagenic treatments, 
1.0% EMS treatment induced the highest frequency of chlorophyll mutations in both the 
varieties i.e., 3.671% and 3.292% respectively in var. Mayuri and var. Niharika.  
As shown in Table 24, the pooled mean values indicate that in case of each mutagen, 
the frequency of xantha mutants was the highest and followed by striata, chlorina and 
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virescens mutants in both the varieties except for the EMS treatments in var. Niharika, where 
xantha was followed by chlorina in place of striata mutants (Graph 11). Moreover, 
combination treatments were found to be more effective than EMS and γ rays in inducing the 
chlorophyll mutations in both the varieties i.e., 2.230% and 2.049% in var. Mayuri and var. 
Niharika respectively (Graph 12). The order of effectiveness was γ rays+EMS >EMS > γ rays 
in both the varieties. The overall frequency of chlorophyll mutation was more in var. Mayuri 
(6.347%) than the var. Niharika (5.811%) indicating it’s more sensitivity to the mutagenic 
treatments in this regard. 
Combined treatments did not show any synergistic effect in producing chlorophyll 
mutations in both the varieties, as shown by the coefficient of interaction values. The results 
obtained in the present study showed negative synergism in both the varieties of isabgol. 
4.2.5. Mutagenic effectiveness and efficiency 
Data on effectiveness and efficiency of various mutagenic treatments calculated on 
the basis of chlorophyll mutation frequency in both the varieties are given in Tables 25 and 
26. Differential varietal response was also noticed with respect to effectiveness and efficiency 
of mutagenic treatments. 
Perusal of results reveals that mutagenic effectiveness did not necessarily follow any 
increasing or decreasing trend in treated population with few exceptions in both the varieties. 
Among all the mutagenic treatments the highest mutagenic effectiveness i.e., 1.857 in var. 
Mayuri and 1.269 in var. Niharika, was noticed at the 0.1% EMS treatment in both the 
varieties, followed by 0.2% EMS. As evident from Table 27, pooled mean values indicate that 
EMS treatments showed very high mutagenic effectiveness in both the varieties (i.e., 0.911 in 
var. Mayuri, and 0.780 in var. Niharika) and order of mutagens was EMS > γ rays > γ 
rays+EMS, in both the varieties with this respect.  
Mutagenic efficiency was calculated in M2 generation on the basis of biological as 
well as cytological damage noticed in M1 generation i.e., inhibition in seed germination 
(Mf/R), seedling injury (Mf/I), lethality (Mf/L), pollen sterility (Mf/S) and meiotic 
aberrations (Mf/Me). In both the varieties, like mutagenic effectiveness mutagenic efficiency 
also, did not necessarily show dose dependent increase or decrease in mutagenic treatments 
and seemed to be varying depending upon the criteria selected for its estimation. The degree 
of efficiency of mutagens, in individual and in combination treatments, also showed 
variations, in both the varieties. Generally, lower concentrations/doses of mutagens, in 
individual and in combination treatments, showed high mutagenic efficiency with few 
exceptions. As indicated by the pooled mean values shown in Table 27, the mutagenic 
efficiency calculated on the basis of inhibition in seed germination and lethality (i.e., 0.171 
EXPERIMENTAL RESULTS 
 
 
 
74
and 0.152 respectively) was higher in γ rays than the EMS and combination treatments and in 
this regard the order of mutagens was γ rays > EMS > γ rays+EMS in var. Mayuri, while the 
mutagenic efficiency based on seedling injury (0.255), pollen sterility (0.146) and meiotic 
aberrations (0.195) was higher in EMS treatments than the γ rays and combination treatments 
in this variety. The order of mutagens with respect to seedling injury and meiotic aberrations 
was EMS > γ rays > γ rays+EMS, while in case of pollen sterility the order of mutagens was 
EMS > γ rays+EMS > γ rays.  In var. Niharika, mutagenic efficiency estimated on the basis of 
all selected criteria was higher in EMS treatments i.e., 0.244, 0.273, 0.171, 0.174 and 0.196 
for inhibition in seed germination, seedling injury, lethality, pollen sterility and meiotic 
aberrations respectively, than γ rays and combination treatments. The order of mutagens in 
relation to mutagenic efficiency was EMS > γ rays > γ rays+EMS except for the sterility for 
which the order of efficiency was EMS > γ rays+EMS > γ rays in this variety.  
From the results it is concluded that EMS was most effective as well as efficient 
mutagen, when efficiency was estimated on the basis of seedling injury, pollen sterility and 
meiotic aberrations in var. Mayuri, while with respect to inhibition in seed germination and 
lethality, γ rays was found to be most efficient mutagen in this variety. Whereas, in var. 
Niharika EMS was noticed to be most effective as well as efficient mutagen, with regard to all 
the criteria selected for the estimation of mutagenic efficiency. 
4.2.6. Cytological observations 
Cytological studies were carried out in control as well as treated populations in both 
the varieties of isabgol in M2 generation. The types of chromosomal aberrations were more or 
less similar, but the frequency was different in the two varieties. The spectrum and frequency 
of various meiotic aberrations and the total number of PMCs scored in each 
concentration/dose of mutagens along with their respective controls are presented in Tables 
28 and 29. Similar chromosomal aberrations were noticed in M2 generation as observed in M1 
generation but their frequency was less than M1. No abnormal PMC was noticed at any stage 
of meiosis in control plants in both the varieties. A brief description of these chromosomal 
aberrations, noticed during the meiotic studies in treated populations, at different divisional 
stages in two varieties of isabgol is given below: 
Chromosomal aberrations at Metaphase I and II 
Chromosomal aberrations noticed at Metaphase I and II are univalents, multivalents, 
secondary association, stickiness/clumping, precocious separation, stray 
bivalent/chromosomes, unorientation, fragments, laggards, bridges, non-synchronisation and 
cytomixis, out of which univalents, multivalents, secondary association and precocious 
separation were noticed at metaphase I stages; laggards, bridges and non-synchronisation 
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were reported at metaphase II stage and stickiness/clumping, stray bivalents/chromosomes, 
unorientation, fragments and cytomixis were noticed at both metaphase I and II divisions. 
Univalents, secondary association, stickiness/clumping, stray bivalents, unorientation 
and cytomixis were noticed at all the concentrations/doses of individual treatments of EMS 
and γ rays in var. Mayuri. Multivalents were observed at all the doses of γ rays but were 
absent in 0.1% and 0.2% concentrations of EMS. No PMC with precocious separation was 
noticed at 0.1% EMS and 15kR γ rays treatments. Fragments were found only at intermediate 
and higher treatments of EMS and γ rays. Laggards were found only at 0.6%, 0.8%, 1.0% 
EMS treatments and 75kR, 90kR doses of γ rays. Bridges were noticed at intermediate and 
higher concentrations of EMS (i.e., 0.4%, 0.6%, 0.8% and 1.0%) and higher doses of γ rays 
(i.e., 75kR and 90kR). Non-synchronisation was observed at 0.6%, 0.8%, 1.0% (EMS) and 
60kR, 75kR, 90kR (γ rays) treatments. In case of combination treatments all these aberrations 
were noticed at all the combinations of EMS and γ rays with a single exception of laggards, 
which were not noticed in any PMC at 45kR+0.1% combination treatment in var. Mayuri. 
In var. Niharika, secondary association, stickiness/clumping, stray bivalents, 
unorientation and cytomixis were recorded at all the individual treatments of EMS and γ rays. 
Univalents were absent at lower concentrations of EMS i.e., 0.1% and 0.2% and were 
recorded at all the doses of γ rays. No PMC with multivalents and precocious separation was 
noticed at the lowermost concentration/dose of EMS and γ rays (i.e., 0.1% and 15kR 
respectively). Fragments were noticed to be absent at 0.1%, 0.2% EMS and 15kR γ rays 
treatments. Laggards and bridges were recorded only at higher treatments of both the 
mutagens i.e., 0.8%, 1.0% EMS and 75kR, 90kR γ rays treatments. Non-synchronisation was 
noticed only at intermediate and higher concentrations of EMS i.e., 0.4%, 0.6%, 0.8% and 
1.0%, while in case of γ rays treatments they were observed only at 60kR, 75kR and 90kR 
doses. In case of combination treatments all these aberrations were recorded at all the 
combinations of EMS and γ rays, except laggards and bridges, which were not found at the 
lowermost combination treatment (i.e., 45kR+0.1%) in var. Niharika. 
As indicate by the pooled mean values, among all the aberrations at metaphase, 
cytomixis was the most common occurred with the frequency of 0.79%, 1.07% and 1.63% (in 
var. Mayuri) and 0.83%, 0.96% and 1.46% (in var. Niharika) in EMS, γ rays and combination 
treatments respectively. Laggards were observed with the minimum frequency i.e., 0.09% 
(EMS) and 0.26% (combinations) in var. Mayuri and 0.06% (EMS and γ rays, when applied 
individually) and 0.26% (combination) in var. Niharika. Bridges were also found with the 
same frequency as laggards (i.e., 0.26%) in combination treatments in var. Niharika. In case 
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of γ rays treatments in var. Mayuri, the least occurred meiotic aberration was non-
synchronisation with the frequency of 0.09%. 
 
Chromosomal aberrations at Anaphase I and II 
Chromosomal aberrations recorded at anaphase I and II were laggards, bridges, 
unequal separation, fragments, stickiness/clumping, forward movement, disturbed polarity, 
multipolarity, tripolarity, non-synchronisation and cytomixis, in which disturbed polarity, 
multipolarity, tripolarity and non-synchronisation were noticed at anaphase II only.  
In var. Mayuri, laggards, disturbed polarity, multipolarity, non-synchronisation and 
cytomixis were reported at all the individual treatments of EMS and γ rays. Bridges and 
fragments too, were noticed at all the doses of the γ rays, but were absent at the lower 
treatments of EMS. Unequal separation, forward movement and tripolarity were observed at 
intermediate and higher concentrations/doses of mutagens i.e., 0.4%, 0.6%, 0.8%, 1.0% 
(EMS) and 45kR, 60kR, 75kR, 90kR (γ rays) treatments. Stickiness/clumping was found only 
at higher treatments i.e., 0.8%, 1.0% EMS and 75kR, 90kR γ rays treatments. All these 
observations were noticed at the all combination treatments of γ rays and EMS except 
stickiness and forward movement, which were found to be absent at 45kR+0.1% combination 
treatments in var. Mayuri. 
In case of var. Niharika, all the individual and combination treatments of EMS and γ 
rays induced laggards, disturbed polarity, multipolarity, non-synchronisation and cytomixis, 
with a single exception of 0.1% EMS at which no PMC with multipolarity was noticed. 
Bridges, fragments and forward movements were mostly recorded at intermediate and higher 
concentrations/doses of EMS and γ rays when applied alone, whereas in their combinations, 
these aberrations were observed at all the treatments. Unequal separation was recorded only at 
0.6%, 0.8%, 1.0% (EMS); 60kR, 75kR, 90kR (γ rays) and all the combination treatments 
except the lowest i.e., 45kR+0.1%. Stickiness/clumping and tripolarity were noticed only at 
higher treatments i.e., 0.8%, 1.0% (EMS); 75kR, 90kR (γ rays) and 45kR+0.4%, 45kR+0.6% 
(combination) treatments. 45kR+0.2% combination treatments also induced tripolarity in var. 
Niharika. 
As shown by the pooled mean values, cytomixis was again observed as the most 
frequent aberration in all the mutagens, applied individually as well as in combination in both 
the varieties. It was noticed with the frequency of 0.57%, 0.83% and 1.12% (in var. Mayuri) 
and 0.87%, 0.71% and 0.97% (in var. Niharika) in EMS, γ rays and combination treatments 
respectively. Stickiness/clumping was the least common meiotic aberration noticed with the 
frequency of 0.06% (EMS), 0.09% (γ rays) and 0.21% (combination) in var. Mayuri. In var. 
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Niharika also, it occurred with the same frequency as var. Mayuri in EMS and γ rays i.e., 
0.06%, 0.09% respectively and with 0.22% in combination treatments. Tripolarity, in γ rays 
treatments also showed the same frequency as stickiness/clumping (i.e., 0.09%) in both 
varieties.  
Chromosomal aberrations at Telophase I and II 
Chromosomal aberrations recorded at telophase I and II were laggards, bridges, 
fragments, micronuclei, disturbed polarity, multinucleate condition, tripolarity, non-
synchronisation and cytomixis, in which disturbed polarity, multinucleate condition, 
tripolarity and non-synchronisation were reported at telophase II only. 
Micronuclei, disturbed polarity, multinucleate condition and cytomixis were reported 
at all the individual and combination treatments of EMS and γ rays with a  single exception at 
0.1% EMS treatment at which disturbed polarity was found to be absent. Laggards were 
noticed only at 0.6%, 0.8%, 1.0% EMS treatments and 60kR, 75kR, 90kR γ rays treatments, 
while they were absent only at 45kR+0.1% combination treatment. Bridges, fragments and 
non-synchronisation were observed at all the intermediate and higher treatments of EMS and 
γ rays and at all the combination treatments. Tripolarity was recorded only at higher 
treatments of EMS and γ rays (i.e., 0.8%, 1.0% EMS and 75kR, 90kR γ rays), whereas it was 
noticed at intermediate and higher combination treatments in var. Mayuri.   
In var. Niharika too, micronuclei, disturbed polarity, multinucleate condition and 
cytomixis were noticed at all the individual and combination treatments of EMS and γ rays 
with exceptions of multinucleate condition and cytomixis which were not found at 15kR γ 
rays and 0.1% EMS treatments respectively. Laggards were found at 0.6%, 0.8%, 1.0% 
concentrations of EMS and 75kR, 90kR doses of γ rays, while they were absent only at the 
lowest i.e., 45kR+0.1% combination treatment. Bridges were reported only at higher 
treatments of EMS (i.e., 0.8% and 1.0%) and intermediate and higher doses of γ rays, while in 
combinations they were observed in all the treatments. Fragments were noticed at 0.4%, 
0.8%, 1.0% concentrations of EMS and 75kR, 90kR doses of γ rays, while found to be absent 
only at 45kR+0.1% treatment in combinations. Tripolarity was noticed at 0.6%, 0.8% and 
1.0% EMS, whereas it was absent at lower doses of γ rays (i.e., 15kR and 30kR) and 
45kR+0.1% combination treatment. Non-synchronisation was noticed only at higher 
concentrations of EMS (i.e., 0.8% and 1.0%) and 60kR, 75kR, 90kR doses of γ rays, whereas 
found to be absent at only 45kR+0.1% combination treatment in var. Niharika. 
Pooled mean values indicate that at telophase stage also, cytomixis was the most 
common and present with maximum frequency i.e., 0.72%, 0.80%, 1.02% (in var. Mayuri) 
and 0.60%, 0.75% and 1.06% (in var. Niharika) in EMS, γ rays and combination treatments 
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respectively. Tripolarity was the least occurred meiotic aberration at telophase with the 
frequency of 0.06% in EMS treatment in var. Mayuri, while laggards and tripolarity occurred 
with the same minimum frequency of 0.09% and in γ rays and in combination treatments 
laggards were found with the minimum frequency (i.e., 0.21%). In case of var. Niharika 
laggards, bridges and fragments, all found with the same minimum frequency of 0.09% in 
EMS treatments. In γ rays treatments laggards and fragments were the least common with the 
frequency of 0.09% again, whereas in combination treatments only laggards showed the 
minimum frequency of 0.17% in this variety. 
Perusal of the results present in Tables 28 and 29 reveals that although, individual 
chromosomal aberrations did not follow any increasing or decreasing trend with increasing 
concentrations/doses of mutagens, the total frequency of chromosomal aberrations was found 
to be dose dependent and showed an increase with the increasing concentrations/doses of each 
mutagens individually as well as in combinations in both the varieties (Graph 13). The 
frequency of total meiotic aberrations increased from 3.66% to 15.59% (EMS), 4.79% to 
16.88% (γ rays) and 10.26% to 26.15% (combinations) in var. Mayuri, whereas in var. 
Niharika it ranged from 2.76% to 13.85% (EMS), 3.51% to 16.28% (γ rays) and 8.26% to 
24.30% (combinations). Combination treatments were found to be most effective followed by 
γ rays and EMS treatments in inducing the maximum total frequency of meiotic aberrations in 
both the varieties. The frequency of meiotic aberrations was comparatively more in var. 
Mayuri as compared to var. Niharika. The total frequency of chromosomal aberrations at 
metaphase, anaphase and telophase stages, in individual, indicates that the most affected stage 
of meiosis was metaphase, having more chromosomal aberrations followed by anaphase and 
telophase stages in all the mutagens in both the varieties (Table 30). Moreover, the frequency 
of meiotic aberrations recorded in M2 was comparatively less than M1 generation in both the 
varieties.  
4.2.7. Morphological mutations 
To understand the response of two varieties of isabgol to different mutagenic 
treatments, the control as well as the treated populations were screened carefully to identify 
the various types of viable morphological mutations (macromutations) at different stages of 
growth in M2 generation. A detailed analysis of spectrum and frequency of morphological 
mutations induced by EMS, γ rays and their combination treatments in both the varieties are 
presented in Tables 31 and 32 (Graph 15). Mutation frequency was calculated on M2 plant 
basis. 
A wide range of viable morphological mutations affecting almost all the parts of the 
plant was isolated in M2 generation. All these macromutants were classified on the basis of 
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the affected plant features i.e., plant height, growth habit, leaf morphology, spike 
morphology, growth period and yield. There were differences in mutation spectrum and 
frequency, both in between the varieties and among the mutagens. However, many 
similarities were also noticed between the two varieties with respect to the spectrum and 
frequency of a particular mutation. 
As shown in Table 33, Among all the mutation types, mutation affecting spike 
morphology appeared more frequently followed by the yield in all the mutagens in both the 
varieties, except in case of combination treatments in var. Mayuri where plant height 
mutations occurred with the maximum frequency after spike morphology, while the minimum 
frequency of mutations was noticed with respect to growth period in var. Mayuri and by the 
plant height (in EMS), plant height and growth habit (in γ rays) and growth habit (in 
combinations) in var. Niharika(Graph 14).  The highest mutation frequency was noticed in the 
EMS treated population followed by combination and γ rays in both the varieties. It was 
noticed to be 3.74%, 2.94% and 3.41% in var. Mayuri and 3.91%, 2.79%, 2.89% in var. 
Niharika in EMS, γ rays and combination treatments respectively(Graph 16). Moreover, var. 
Mayuri showed higher frequency of morphological mutations (i.e., 10.09%) than the var. 
Niharika (i.e., 9.59%). The representative photographs of all the morphological mutants 
noticed in the mutagen treated populations of vars. Mayuri and Niharika are shown in Plates 
11 to 19 (Fig. 100 to 135). 
A brief description of morphological mutations observed in the treated population is 
given below: 
1. Mutations affecting plant height 
(i) Dwarf mutants  
These mutants had remarkable decrease in plant height (i.e., 15-20cm) as compared to 
their respective controls and were observed more frequently at the intermediate and higher 
concentrations/doses of mutagens in individual as well as in combination treatments in both 
the varieties. The total frequency of these mutants was 0.70% and 0.46% in var. Mayuri and 
var. Niharika respectively. Combination treatments induced maximum frequency of dwarf 
mutants (i.e., 0.34% in var. Mayuri and 0.23% in var. Niharika) than the individual treatments 
of mutagens. There was a remarkable decrease in seed yield in these mutants (Plate 11, Fig. 
101; Plate 15, Fig. 117). 
(ii) Semi dwarf mutants  
These mutants showed decrease in plant height from10-15cm as compared to the 
control plants. These mutants were isolated from almost all the concentrations/doses of 
mutagens except some lower ones, in individual as well as in combination treatments in both 
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the varieties. The seed yield of these mutants was generally lower than the control plants. 
However, some semi-dwarf mutants with seed yield more or less equal to control plants were 
also noticed in both the varieties. Maximum frequency of these mutants was induced by 
combination treatments (i.e., 0.38%) in var. Mayuri and γ rays treatments (i.e., 0.21%) in var. 
Niharika. However, the total frequency of these mutants was more in var. Mayuri (i.e., 
0.89%) than the var. Niharika (0.51%) (Plate 11, Fig. 102; Plate 15, Fig. 118). 
2. Mutations affecting growth habit 
(i) Compact growth habit mutants  
These mutants were characterized by the compactly arranged tillers and spikes and 
were isolated from the lower and intermediate concentrations/doses of mutagens, applied 
individually and in combination in var. Mayuri. No such mutants were observed in var. 
Niharika with any mutagenic treatment. Seed yield of these mutants was almost equal to the 
control plants. The total frequency of these mutants was 0.70% in var. Mayuri and among the 
mutagens, γ rays treatments induced maximum frequency of these mutants (i.e. 0.27%) 
followed by EMS (0.24%) and combination treatments (0.19%) (Plate 11, Fig. 103). 
(ii) Spreading growth habit mutants 
These mutants were characterized by the spreading habit of tillers and spikes and 
were noticed more frequently at intermediate and higher concentrations/doses of mutagens in 
individual and in all the combination treatments in two varieties of isabgol. The frequency of 
these mutants was slightly more in var. Niharika (0.77%) as compared to var. Mayuri 
(0.71%), however among the mutagens, combination treatments induced maximum frequency 
of these mutants (0.29% in var. Mayuri and 0.28% in var. Niharika) followed by EMS and γ 
rays in both the varieties. The seed yield of these mutants was quite more as compared to the 
control plants in var. Mayuri, while in var. Niharika, it was always lower than the control 
plants (Plate 12, Fig. 104; Plate 15, Fig. 119). 
(iii) Elongated tiller mutants 
This type of mutants were characterized by the presence of an elongated tiller which 
bears rosette of leaves and the inflorescence at the upper part, instead of the base like in the 
control plants and were observed only at the higher concentrations of EMS and combination 
treatments in var. Mayuri, while in var. Niharika no such mutants were noticed in any 
mutagen treated population. These mutants had reduced plant height with very low seed yield 
(0.75-1.38gm). The total frequency of these mutants was 0.19%, in which combination 
treatments showed slightly higher frequency (0.10%) than the EMS treatments (0.09%) (Plate 
12, Fig. 105). 
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(iv) More foliage mutants 
These mutants had very dense vegetative growth and were isolated from few lower 
and intermediate concentrations/doses of EMS and gamma rays in individual and in 
combination treatments in var. Niharika. Such type of mutants were not noticed in var. 
Mayuri. These mutants showed quite increase in plant height as compared to control plants 
but the seed yield of these mutants was lower than the control plant. Total Frequency of these 
mutants in var. Niharika was 0.25%. However, among the mutagens, maximum frequency of 
such mutants was induced by EMS (0.11%) followed by γ rays (0.09%) and combination 
treatments (0.05%) (Plate 16, Fig. 120). 
 3. Mutations affecting leaf morphology 
(i) Broad leaf mutants 
These mutants showed considerable increase in leaf width and were isolated from all 
the treatments of EMS and combination (except the lowest ones) and lower and intermediate 
doses of γ rays in both the varieties. These mutants showed quite reduction in plant height as 
compared to their respective controls. Seed yield of these mutants was generally less than the 
control plants. However, mutants having seed yield almost equal or quite more than the 
control plants were also isolated. The frequency of such mutants was maximum in EMS 
(0.18% in var. Mayuri and 0.25% in var. Niharika) followed by combination and γ rays 
treatments in var. Mayuri and vice-versa in var. Niharika. The total frequency of these 
mutants was quite more in var. Niharika (0.49%) as compared to var. Mayuri (0.41%) (Plate 
12, Fig. 106; Plate 16, Fig. 121). 
(ii) Narrow leaf mutants 
These mutants had remarkable decrease in leaf width and were noticed in almost all 
the concentrations of EMS, while in γ rays and combination treatments, they were observed at 
lower and intermediate concentrations/doses in both the varieties. These mutants had normal 
plant height and more or less similar seed yield as compared to their respective controls. EMS 
and combination treatments induced similar maximum frequency of these mutants (i.e., 
0.24%) in var. Mayuri, while in var. Niharika maximum frequency of these mutants (i.e., 
0.19%) was induced by combination treatments. Minimum frequency of these mutants (i.e., 
0.18% and 0.06% in var. Mayuri and var. Niharika respectively) was noticed in the γ rays 
treatments in both the varieties. However, more frequency of these mutants (0.66%) was 
scored in var. Mayuri as compare to var. Niharika (0.41%) (Plate 12, Fig. 107; Plate 16, Fig. 
122). 
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(iii) Curled leaf mutants 
These mutants were characterized by the presence of curled leaves and were obtained 
more frequently at the higher concentrations/doses of the mutagens in individual as well as in 
combination treatments. These mutants showed remarkable decrease in plant height and low 
seed yield than their respective controls. Most of these mutants showed decrease in leaf width 
in var. Mayuri, whereas in var. Niharika slight increase in leaf width was generally noticed. 
The total frequency of these mutants was 0.40% and 0.34% in var. Mayuri and var. Niharika 
respectively. Among the mutagens, maximum frequency was noticed in the combination 
treatments (0.19% in var. Mayuri and 0.14% in var. Niharika) followed by γ rays and EMS in 
both the varieties (Plate 13, Fig. 108; Plate 16, Fig. 123). 
(iv) Dark green coloured leaf mutants 
These mutants were characterized by the presence of dark green coloured leaves as 
compared to the control plants and were noticed at the lower and intermediate 
concentrations/doses of individual treatments of EMS and γ rays in var. Niharika. In var. 
Mayuri, no such types of mutants were noticed in any mutagenic treatment. Generally, these 
mutants had broad leaves, slight reduced plant height and comparatively lower seed yield than 
that of control plants. The total frequency of these mutants was 0.11%. EMS and γ rays 
treatments induced almost similar frequency of these mutants (i.e., 0.05% and 0.06% 
respectively) (Plate 17, Fig. 124). 
4. Mutations affecting spike morphology 
(i) Long spike mutants 
These mutants had a remarkable increase in spike length and appeared more 
frequently at the lower and intermediate concentrations/doses of mutagens in individual as 
well as in combination treatments in both the varieties. The average spike length of these 
mutants was 5.43-5.86cm (in var. Mayuri) and 6.25-7.63cm (in var. Niharika). These mutants 
had normal plant height and more or less similar seed yield than that of their respective 
controls. However, some mutants with quite more spikes and hence more seed yield as 
compared to control plants were also isolated in both the varieties. The total frequency of 
these mutants was more in var. Niharika (0.72%) as compared to var. Mayuri (0.34%). All the 
mutagens induced more or less similar frequency of these mutants in both the varieties (Plate 
13, Fig. 109; Plate 17, Fig. 125). 
(ii) Partially filled spike mutants 
These mutants were characterized by the presence of partially filled spikes and were 
noticed more commonly at the intermediate and higher concentrations/doses of mutagens in 
individual and combination treatments in both the varieties. In these mutants, the 
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inflorescence axis was not fully covered by the flowers. Moreover, the flowers were not 
arranged compactly around the inflorescence axis as compared to those of control plants. The 
average spike length of these mutants was 5.24-5.19cm (in var. Mayuri) and 6.12-7.38cm (in 
var. Niharika). These mutants had normal plant height and generally low seed yield.  
However, some mutants with higher seed yield due to the presence of more number of spikes 
than the control plants were also isolated. The total frequency of these mutants was 0.38% in 
var. Mayuri and 0.70% in var. Niharika. Among the mutagens, EMS induced maximum 
frequency of these mutants (0.15% and 0.33% in var. Mayuri and var. Niharika respectively) 
followed by combination and γ rays in both the varieties (Plate 13, Fig. 110; Plate 17, Fig. 
126). 
(iii) Feathery spikes mutants 
These mutants were characterized by the presence of feathery, blank or naked 
inflorescence axis and were isolated from almost all the mutagenic treatments of EMS, γ rays 
and their combinations in both the varieties. The average spike length of these mutants was 
5.80-7.49cm (in var. Mayuri) and 6.33-9.30cm (in var. Niharika). Plant height of these 
mutants was normal but the seed yield was lower than their respective controls. The total 
frequency of these mutants was 1.24% in var. Mayuri and 1.39% in var. Niharika. EMS 
treatments induced maximum frequency of these mutants (0.55% in var. Mayuri and 0.87% in 
var. Niharika) followed by γ rays and combination treatments (Plate 13, Fig. 111; Plate 17 
and 18, Fig. 127 and 128). 
(iv) Branched spike mutants 
These mutants were characterized by the presence of branched spikes and were 
isolated at the higher concentrations of EMS, lower and intermediate doses of γ rays and 
almost all the combination treatments in both the varieties. EMS treatments in var. Niharika 
did not induce any branched spike mutants. These mutants showed reduction in plant height. 
Seed yield of these mutants was generally lower than their respective controls. Average 
length of branched spikes was 2.00-2.86cm (in var. Mayuri) and 3.25-4.47cm (in var. 
Niharika). The total frequency of these mutants was 0.67% in var. Mayuri and 0.20% in var. 
Niharika. Maximum frequency of these mutants was induced by the EMS treatments (0.27%) 
followed by the γ rays and combination treatments in var. Mayuri, while in var. Niharika 
combination treatments induced more frequency of these mutants (0.14%) than the γ rays 
treatments (Plate 14, Fig. 112 and 113; Plate 18, Fig. 129 and 130). 
(v) Club shaped spike mutants 
These mutants were isolated only at 0.2% EMS treatment in var. Niharika with a 
frequency of 0.25% and had a characteristic club shaped spikes. In these mutants, spikes were 
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branched all over the main axis. Length of these spikes ranged from 2.1-4.2cm. These 
mutants had reduced plant height and in some mutants leaves were also broad. Seed yield of 
these plants was generally lower than the control plants. These mutants were late in flowering 
and maturity (Plate 18 and 19, Fig. 131 to 133). 
5. Mutations affecting growth period (maturity) 
(i) Early maturing mutants 
These mutants started flowering 6-10 days earlier as compared to their respective 
controls and maturity period was also reduced accordingly. These mutants were isolated more 
frequently at the lower treatments of mutagens applied individually and in combinations as 
well. However, intermediate concentrations/doses of EMS and γ rays also induced some 
frequency of these mutants in both the varieties. These mutants showed normal growth and 
seed yield. The total frequency of these mutants was 0.70% and 0.62% in var. Mayuri and 
var. Niharika respectively. Among the mutagens, EMS induced maximum frequency of these 
mutants (0.27% in var. Mayuri and 0.22% in var. Niharika) followed by γ rays and 
combination treatments in both the varieties. 
(ii) Late maturing mutants 
These mutants showed delay in flowering by 5-8 days than the control plants and so 
on maturity was also extended accordingly. These mutants were isolated more commonly at 
the higher concentrations/doses of mutagens in individual as well as in combination 
treatments in both the varieties and had normal growth and seed yield. The total frequency of 
these mutants was more in var. Niharika (0.49%) than the var. Mayuri (0.34%). Combination 
treatments induced maximum frequency of these mutants in var. Niharika (0.23%) followed 
by γ rays and EMS. In case of var. Mayuri, frequency of these mutants was minimum in 
combination treatments (0.10%), whereas EMS and γ rays treatments showed the similar 
frequency (0.12% in each) of these mutants. 
6. Mutations affecting yield components 
(i) Mutants with more number of tillers per plant 
These mutants showed luxuriant growth and increased number of tillers per plant 
over the controls and were isolated at almost all the concentrations/doses of mutagens applied 
individually as well as combinations in both the varieties. These mutants had increased 
number of spikes and thus showed more seed yield per plant than their corresponding 
controls. Plant height also showed an increase in these plants. The total frequency of these 
mutants was almost similar in both the varieties (0.92% in var. Mayuri and 0.95% in var. 
Niharika). EMS treatments induced more frequency of these mutants (0.37% in var. Mayuri 
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and 0.33% in var. Niharika) followed by the combinations and γ rays treatments in both the 
varieties (Plate 14, Fig. 114; Plate 19, Fig. 134). 
(ii) Mutants with more number of spikes per plant 
This type of mutants showed the increased number of spikes per plant than their 
respective controls and were isolated at all the concentrations/doses of mutagens in individual 
as well as in combination treatments. These mutants had normal plant height and more or less 
similar number of tillers per plants than that of control plants, but seed yield of these plants 
showed significant increase over controls. The total frequency of these mutants was 0.84% in 
var. Mayuri and 0.93% in var. Niharika. Among the mutagens, γ rays induced maximum 
frequency of these mutants (0.35%) followed by EMS and combination treatments in var. 
Mayuri, while in var. Niharika, maximum frequency (i.e., 0.38%) was recorded by the EMS 
treatments. γ rays and combinations treatments induced almost similar frequency of these 
mutants in var. Niharika (Plate 14, Fig. 115; Plate 19, Fig. 135). 
4.2.8. Quantitative traits 
The effects of EMS, γ rays and their combination treatments were studied on various 
quantitative traits in M2 generation also. Traits were the same which were studied in M1 
generation. The estimates of mean (), standard error (S.E.), shift in mean, standard deviation 
(S.D.), coefficient of variation (C.V.) and least significant difference (L.S.D.) at 5% and 1% 
level for various quantitative traits, in control as well as in treated populations in both the 
varieties are given in the Tables 34 to 41. 
Results obtained for each trait are summarized below: 
1. Days to flowering 
Data recorded for days to flowering for treated and control populations in both the 
varieties are given in Table 34. Mean values for days to flowering were shifted in both 
positive as well as negative directions in the treated populations as compared to control 
values. Positive shifts were observed at the higher concentrations/doses of the mutagens in 
individual as well as in combination treatments, while all the lower and intermediate 
concentrations/doses of the mutagens induced the negative shifts in mean values in both the 
varieties with a single exception of 0.1% EMS treatment in var. Niharika which showed slight 
increase in mean value. 
Mean values for days to flowering reduced significantly at 5% level by 3 days at 
0.1%, 0.2%, 0.4% EMS; 15kR, 45kR γ rays and 45kR+0.2%, 45kR+0.4% combination 
treatments in var. Mayuri. Significant reduction by 4 days at 1% level was noticed only at the 
30kR γ rays treatment, while 1.0% EMS treatment significantly increase the mean values by 3 
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days at 5% level in this variety. In variety Niharika, significant reduction in mean values by 
3-4 days at 5% level were noticed at 0.2% EMS; 30kR, 45kR γ rays and 45kR+0.2% 
combination treatments, while 0.4% EMS and 15kR γ rays treatments showed significant 
reduction in mean values by 4 days at 1 % level. 
C.V. showed increase in all the mutagenic treatments with respect to their respective 
controls in both the varieties. The maximum C.V. values were noticed at 0.2% EMS (5.23%), 
90kR γ rays (5.26%) and 45kR+0.2% combination (4.40%) treatments in var. Mayuri, 
whereas in var. Niharika 0.6% EMS, 15kR γ rays and 45kR+0.4% combination treatments 
induced maximum C.V. values which were 5.40%, 5.35% and 5.87% respectively. 
2. Plant height (cm)  
Results obtained on the effect of mutagenic treatments on plant height in both the 
varieties are given in Table 35. Both positive as well as negative shifts over controls were 
observed in the treated populations in both the varieties. In general, the positive shifts in mean 
values were noticed at the lower and intermediate treatments of mutagens, while the higher 
treatments and some intermediate treatments induced negative shifts in mean values. EMS 
treatment of 0.1% in var. Mayuri and 45kR+0.1% combination treatment in var. Niharika also 
induced negative shifts in mean plant height. 
Significant increase in plant height at 5% level was observed at 0.4% EMS; 15kR, 
30kR γ rays and 45kR+0.2% combinations treatment in var. Mayuri, while 0.8% EMS and 
90kR γ rays treatments showed significant reduction at 5% level. Significant reduction at 1% 
level was obtained with 1.0% EMS treatment in this variety. In variety Niharika, only 0.4% 
EMS treatment showed significant increase in mean value at 5% level while the significant 
decrease at this level was noticed at 0.8% EMS and 60kR γ rays treatments. Significant 
reduction in plant height at 1% level was noticed at 75kR, 90kR γ rays and 45kR+0.1%, 
45kR+0.6% combination treatments.  
C.V. showed increase in all the mutagenic treatments. The maximum C.V. values 
noticed were 8.94% (0.8% EMS), 8.80% (75kR γ rays) and 8.54% (45kR+0.1% combination) 
in var. Mayuri, while in var. Niharika there values were 8.66% (0.2% EMS), 9.20% (45kR γ 
rays) and 8.75 (45kR+0.4% combination). 
3. Days to maturity 
Data recorded on days to maturity in control as well as in treated populations in both 
the varieties are presented in Table 36. Mean values for days to maturity showed negative 
shift in almost all mutagenic treatments except some higher treatments which recorded 
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positive shifts in mean over controls. In var. Niharika 45kR+0.1% combination treatment also 
induced slight positive shift in mean over control. 
The mean values for days to maturity were reduced significantly at 5% level by 2-3 
days at 0.6% EMS; 75kR γ rays and 45kR+0.1%, 45kR+0.4% combination treatments in var. 
Mayuri, while it reduced significantly at 1% level by 3-6 days at 0.2%, 0.4%, 0.8% EMS; 
15kR, 30kR, 45kR, 60kR γ rays and 45kR+0.2% combination treatment in this variety. In var. 
Niharika, reduction in mean values by 2-3 days was found to be significant at 5% level for 
0.4%, 0.8% EMS; 15kR γ rays and 45kR+0.2% combination treatments, whereas 0.2% EMS 
and 30kR γ rays treatments showed significant reduction in mean values by 3 days at 1% 
level. Significant increase in mean values by 2 days at 5% level was induced by 45kR+0.6% 
treatment in this variety 
In var. Mayuri, maximum C.V. value was noticed at 0.1% EMS (2.89%), 90kR γ rays 
(2.91%) and 45kR+0.4% combination (2.95%) treatments, whereas in var. Niharika, the 
highest C.V. values were obtained at 0.1% EMS, 45kR γ rays and 45kR+0.6% combination 
treatments having 2.75%, 2.59% and 2.30% C.V. values respectively. 
4. Number of tillers per plant 
Results obtained for number of tillers per plant in control as well as in treated 
populations in both the varieties are presented in Table 37.  Mean values were shifted towards 
the positive direction in almost all the mutagenic treatments in both the varieties except at the 
highest treatments of EMS and γ rays. 
Significant increase in mean values at 5% level were noticed at 0.2%, 0.4%, 0.6% 
EMS; 30kR, 60kR γ rays and 45kR+0.2% combination treatments in var. Mayuri, while 15kR 
γ rays treatment induced significant increase in mean value at 1% level in this variety. In case 
of var. Niharika, increase in mean values were significant at 5% level for 0.4%, 0.6% EMS; 
15kR, 45kR γ rays and 45kR+0.2% combination treatment, whereas 0.2% EMS and 30kR γ 
rays treatments showed significant increase in mean values at 1% level. 
The highest C.V. value over control was recorded at 0.6% EMS (26.70%), 90kR γ 
rays (26.00%) and 45kR+0.2% combination (29.15%) treatments in var. Mayuri, while in var. 
Niharika 0.1% EMS (26.41%), 75kR γ rays (27.38%) and 45kR+0.4% combination (25.36%) 
treatments induced maximum C.V. values. 
5. Number of spikes per plant  
Data recorded on number of spikes per plant are given in Table 38. Mean values for 
number of spikes per plant were shifted in positive direction in most of the treatments in both 
the varieties. Negative shift was noticed at only 1.0% EMS and 45kR+0.6% combination 
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treatments in var. Mayuri, while in var. Niharika higher treatments of γ rays (i.e., 75kR and 
90kR) and 45kR+0.1%, 45kR+0.6% combination treatments also induced negative shifts in 
mean values. 
Increase in mean values was found to be significant at 1% level at 0.2%, 0.4%, 0.8% 
EMS treatments and all the γ rays and combination treatments (except 90kR γ rays) in var. 
Mayuri. Significant increase in mean value at 5% level was noticed at 0.6% EMS treatment, 
while decrease in mean was also significant at this level in 1.0% EMS treatment in this 
variety. In case of var. Niharika, all the increase in mean values was significant at 1% level 
with a single exception of 60kR γ rays treatment. All the decrease in mean values were also 
significant at 1% level except at 75kR γ rays treatment which showed  significant decrease in 
mean value at 5% level in var. Niharika. 
In var. Mayuri maximum C.V. values were reported at 1.0% EMS (6.03%), 90kR γ 
rays (5.60%) and 45kR+0.6% combination (6.74%) treatments. In var. Niharika 0.1% EMS 
(6.02%), 75kR γ rays (7.14%) and 45kR+0.1% combination (6.64%) treatments induced 
highest C.V. values over control. 
6. Spike length (cm) 
Data on spike length (cm) in control and in treated populations in both the varieties 
are presented in Table 39. Although, the mean shifted towards the positive direction in most 
of the mutagenic treatments, negative shifts were also noticed at some higher treatments in 
both the varieties. 
Significant increase in mean values at 5% level was noticed at 0.2% EMS; 15kR γ 
rays and  45kR+0.2%, 45kR+0.4% combination treatments in var. Mayuri, while 0.4% EMS 
treatment significantly increase the mean value at 1% level. In case of var. Niharika 0.2% 
EMS; 15kR, 30kR γ rays and 45kR+0.4% combination treatments significantly increase the 
mean values at 5% level. No increase in mean value was found to be significant at 1% level in 
this variety. 
Maximum C.V. values were 30.18% (0.8% EMS), 29.01% (30kR γ rays) and 26.63% 
(45kR+0.6%) in var. Mayuri, while in var. Niharika these values were 28.14%, 25.05% and 
28.42% at 0.4% EMS, 15kR γ rays and 45kR+0.1% combination treatments respectively. 
7. 1000-seed weight (g) 
Data obtained on 1000-seed weight in control as well as in treated populations in both 
the varieties are presented in Table 40. A glance at the data shows that the shift in mean was 
bi-directional, being more in the positive direction in most of the treatments. The negative 
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shift was noticed at the higher treatments, however, intermediate doses of γ rays in var. 
Niharika also recorded slight negative shift in mean values. 
The mean 1000-seed weight showed a slight and significant improvement over 
control at 5% level in the populations treated with 0.6% EMS; 15kR, 30kR γ rays and 
45kR+0.4% combination treatments in var. Mayuri, while 0.2%, 0.4% EMS and 45kR+0.2%  
combination treatments in this variety showed significant increase in mean value at 1% level. 
In var. Niharika, significant improvement in mean value over control at 5% level was noticed 
with 0.6% EMS treatment only, while 0.2%, 0.4% EMS; 15kR, 30kR γ rays and 45kR+0.2%, 
45kR+0.4% combination treatments significantly increase the mean values at 1% level. 
Decrease in mean values was also found to be significant at 5% level for 1.0% EMS treatment 
in this variety. 
Highest C.V. was recorded at 0.2% EMS (8.49%), 90kR γ rays (9.73%) and 
45kR+0.1% combination (8.22%) treatments in var. Mayuri, while in var. Niharika these 
values were noticed at 0.8% EMS (9.13%), 15kR γ rays (10.10%) and 45kR+0.4% 
combination (8.78%) treatments.  
8. Seed yield per plant (g) 
Data noticed for seed yield per plant in both the varieties for control as well as the 
treated populations are shown in Table 41. However, mean values for seed yield were shifted 
in positive as well as negative directions in the treated populations, stretch was more towards 
the positive direction in both the varieties. Negative shifts were generally occurred at the 
higher treatments of mutagens. Combination treatment of 45kR+0.1% also showed slight 
negative shift in mean value in var. Niharika. 
Significant increase in mean values at 5% level was noticed at 0.4%, 0.6% (EMS) and 
45kR, 60kR (γ rays) treatments in var. Mayuri, while 0.2% EMS; 15kR, 30kR γ rays and 
45kR+0.2% combination treatments significantly increased the mean value at 1% level. In 
case of var. Niharika 0.6%, 0.8% EMS; 30kR, 45kR γ rays and 45kR+0.2% combination 
treatments induced significant increase in mean at 5% level, whereas 0.2%, 0.4% EMS and 
15kR γ rays treatments significantly increase the mean at 1% level. Reduction in seed yield 
was also noticed to be significant at 5% level for 90kR γ rays and 45kR+0.6% combination 
treatments in var. Niharika. 
In var. Mayuri, maximum C.V. values were noticed at 0.1% EMS (40.86%), 15kR γ 
rays (35.50%) and 45kR+0.6% combination treatments (46.78%), whereas in var. Niharika 
0.1% EMS (33.35%), 90kR γ rays (46.08%) and 45kR+0.1% combination (33.80%)  
treatments showed maximum C.V. values as compared to control. 
Seed 
germination    
(%)
Inhibition  
(%)    k
Seed 
germination    
(%)
Inhibition  
(%)    k
Seed 
germination    
(%)
Inhibition  
(%)    k
Seed 
germination    
(%)
Inhibition  
(%)    k
Control 86.00 - - 85.76 - - 95.33 - - 94.24 - -
0.1% 84.00 2.33 - 84.47 1.51 - 94.00 1.40 - 92.71 1.62 -
0.2% 82.00 4.65 - 81.06 5.49 - 93.33 2.10 - 91.29 3.12 -
0.4% 77.33 10.08 - 75.53 11.93 - 91.33 4.20 - 88.12 6.49 -
0.6% 75.33 12.40 - 74.59 13.03 - 84.67 11.19 - 85.29 9.49 -
0.8% 70.67 17.83 - 71.41 16.74 - 83.33 12.59 - 79.88 15.23 -
1.0% 66.67 22.48 - 67.29 21.54 - 74.00 22.38 - 75.06 20.35 -
Pooled mean 76.00 11.63 75.73 11.71 86.78 8.97 85.39 9.38
15kR 85.33 0.78 - 83.76 2.33 - 93.33 2.10 - 90.59 3.87 -
30kR 83.33 3.10 - 81.53 4.94 - 92.67 2.80 - 85.29 9.49 -
45kR 79.33 7.75 - 78.94 7.96 - 87.33 8.39 - 84.47 10.36 -
60kR 78.00 9.30 - 76.71 10.56 - 86.67 9.09 - 79.88 15.23 -
75kR 72.67 15.50 - 74.94 12.62 - 79.33 16.78 - 73.18 22.35 -
90kR 66.00 23.26 - 67.41 21.40 - 68.67 27.97 - 66.71 29.21 -
Pooled mean 77.44 9.95 77.22 9.97 84.67 11.19 80.02 15.09
45kR+0.1% 81.33 5.43 0.54 81.88 4.53 0.48 93.33 2.10 0.21 85.76 8.99 0.75
45kR+0.2% 78.67 8.53 0.69 76.47 10.84 0.81 87.33 8.39 0.80 82.24 12.73 0.94
45kR+0.4% 73.33 14.73 0.83 74.00 13.72 0.69 84.00 11.89 0.94 73.88 21.60 1.28
45kR+0.6% 65.33 24.03 1.19 65.53 23.59 1.12 70.67 25.87 1.32 69.18 26.59 1.34
Pooled mean 74.67 13.18 74.47 13.17 83.83 12.06 77.76 17.48
k = Coefficient of interaction
Mutagen Treatment
γ rays + 
EMS
Table 19: Effect of EMS, γ rays and their combination treatments on seed germination (in laboratory and in field conditions) in 
Plantago ovata  Forsk. vars. Mayuri and Niharika in M2 generation
EMS
γ rays
Var. Mayuri Var. Niharika
In laboratory In field In laboratory In field
Pollen fertility     
(%)
Sterility            
(%)     k
Pollen fertility     
(%)
Sterility            
(%)     k
Control 88.32 - - 93.29 - -
0.1% 84.43 4.40 - 90.32 3.18 -
0.2% 82.41 6.69 - 89.74 3.81 -
0.4% 81.17 8.10 - 85.02 8.86 -
0.6% 77.63 12.10 - 82.50 11.57 -
0.8% 75.81 14.16 - 82.17 11.92 -
1.0% 68.12 22.87 - 77.44 16.99 -
Pooled mean 78.26 11.39 84.53 9.39
15kR 83.15 5.85 - 86.92 6.83 -
30kR 79.11 10.43 - 84.28 9.66 -
45kR 75.28 14.76 - 83.49 10.50 -
60kR 74.40 15.76 - 80.37 13.85 -
75kR 72.33 18.10 - 78.76 15.58 -
90kR 65.26 26.11 - 73.63 21.07 -
Pooled mean 74.92 15.17 81.24 12.91
45kR+0.1% 83.80 5.12 0.27 87.38 6.34 0.46
45kR+0.2% 76.58 13.29 0.62 84.19 9.75 0.68
45kR+0.4% 68.72 22.19 0.97 77.80 16.60 0.86
45kR+0.6% 68.37 22.59 0.84 72.64 22.14 1.00
Pooled mean 74.37 15.80 80.50 13.71
k = Coefficient of interaction
γ rays + 
EMS
Table 20: Effect of EMS, γ rays and their combination treatments on pollen fertility in Plantago 
ovata  Forsk. vars. Mayuri and Niharika in M2 generation
EMS
γ rays
Var. Mayuri Var. Niharika
Mutagen Treatment
Plant survival     
(%)
Lethality           
(%)     k
Plant survival     
(%)
Lethality           
(%)     k
Control 97.12 - - 93.26 - -
0.1% 93.45 3.77 - 90.48 2.98 -
0.2% 91.87 5.40 - 89.69 3.83 -
0.4% 87.23 10.19 - 85.05 8.81 -
0.6% 82.65 14.90 - 82.90 11.11 -
0.8% 80.07 17.56 - 78.65 15.67 -
1.0% 70.80 27.10 - 75.55 18.99 -
Pooled mean 84.35 13.15 83.72 10.23
15kR 94.80 2.38 - 90.65 2.80 -
30kR 94.66 2.53 - 87.31 6.38 -
45kR 87.33 10.08 - 83.98 9.95 -
60kR 85.74 11.72 - 83.21 10.77 -
75kR 78.18 19.50 - 74.60 20.01 -
90kR 74.52 23.27 - 72.84 21.89 -
Pooled mean 85.87 11.58 82.10 11.97
45kR+0.1% 90.52 6.80 0.49 89.44 4.10 0.32
45kR+0.2% 86.46 10.97 0.71 83.98 9.95 0.72
45kR+0.4% 78.38 19.30 0.95 77.23 17.19 0.92
45kR+0.6% 70.74 27.17 1.09 73.13 21.58 1.03
Pooled mean 81.52 16.06 80.94 13.21
k = Coefficient of interaction
γ rays + 
EMS
Table 21: Effect of EMS, γ rays and their combination treatments on plant survival in Plantago 
ovata  Forsk. vars. Mayuri and Niharika in M2 generation
EMS
γ rays
Var. Mayuri Var. Niharika
Mutagen Treatment
Xantha
Control 50 729 - - - - - - -
0.1% 50 718 8 0.418 0.279 0.279 0.139 1.114 -
0.2% 50 689 9 0.435 0.435 0.290 0.145 1.306 -
0.4% 50 642 11 0.467 0.467 0.467 0.312 1.713 -
0.6% 50 634 14 0.789 0.631 0.473 0.315 2.208 -
0.8% 50 607 17 1.153 0.824 0.659 0.165 2.801 -
1.0% 50 572 21 1.399 1.049 0.874 0.350 3.671 -
15kR 50 712 6 0.421 0.281 0.140 - 0.843 -
30kR 50 693 9 0.433 0.433 0.289 0.144 1.299 -
45kR 50 671 12 0.596 0.447 0.447 0.298 1.788 -
60kR 50 652 14 0.767 0.460 0.613 0.307 2.147 -
75kR 50 637 17 0.785 0.785 0.628 0.471 2.669 -
90kR 50 573 18 1.047 0.873 0.873 0.349 3.141 -
45kR+0.1% 50 696 10 0.431 0.575 0.431 - 1.437 0.50
45kR+0.2% 50 650 12 0.615 0.462 0.462 0.308 1.846 0.60
45kR+0.4% 50 629 14 0.636 0.795 0.477 0.318 2.226 0.64
45kR+0.6% 50 557 19 1.257 0.898 0.718 0.539 3.411 0.85
Table 22: Spectrum and frequency of chlorophyll mutations induced by EMS, γ rays and their combination treatments in 
Plantago ovata  Forsk. var. Mayuri in M2 generation
EMS
γ rays
Total no. of 
chlorophyll 
mutated 
seedlings in 
M2
Total 
frequency  
(%) 
k
k = Coefficient of interaction
  γ rays + 
EMS
Chlorophyll mutation types (%)
Striata Chlorina Virescens
Mutagen Treatment
Total no. of 
M1 plant 
progenies
Total no. of 
M2 seedlings 
screened
Control 50 801 - - - - - - -
0.1% 50 788 6 0.381 0.127 0.254 - 0.761 -
0.2% 50 776 10 0.515 0.258 0.387 0.129 1.289 -
0.4% 50 749 13 0.534 0.401 0.534 0.267 1.736 -
0.6% 50 725 15 0.690 0.552 0.552 0.276 2.069 -
0.8% 50 679 16 0.736 0.589 0.736 0.295 2.356 -
1.0% 50 638 21 1.097 0.784 0.940 0.470 3.292 -
15kR 50 770 7 0.260 0.260 0.390 - 0.909 -
30kR 50 725 7 0.414 0.276 0.276 - 0.966 -
45kR 50 718 11 0.557 0.418 0.279 0.279 1.532 -
60kR 50 679 13 0.736 0.442 0.442 0.295 1.915 -
75kR 50 622 16 0.804 0.804 0.482 0.482 2.572 -
90kR 50 567 18 1.058 1.058 0.529 0.529 3.175 -
45kR+0.1% 50 729 10 0.549 0.412 0.274 0.137 1.372 0.60
45kR+0.2% 50 699 12 0.715 0.429 0.429 0.143 1.717 0.61
45kR+0.4% 50 628 15 0.796 0.637 0.637 0.318 2.389 0.73
45kR+0.6% 50 588 16 1.020 0.680 0.680 0.340 2.721 0.76
Treatment
Total no. of 
M1 plant 
progenies
Total no. of 
M2 seedlings 
screened
k = Coefficient of interaction
Table 23: Spectrum and frequency of chlorophyll mutations induced by EMS, γ rays and their combination treatments in 
Plantago ovata  Forsk. var. Niharika in M2 generation
EMS
γ rays
Total no. of 
chlorophyll 
mutated 
seedlings in 
M2
Total 
frequency  
(%) 
k 
 γ rays + 
EMS
Chlorophyll mutation types (%)
Xantha Striata Chlorina Virescens
Mutagen
Xantha
EMS 0.777 0.614 0.507 0.238 2.136
γ rays 0.675 0.546 0.498 0.262 1.981
  γ rays+EMS 0.735 0.682 0.522 0.291 2.230
EMS 0.659 0.452 0.567 0.239 1.917
γ rays 0.638 0.543 0.400 0.264 1.845
  γ rays+EMS 0.770 0.539 0.505 0.235 2.049
*Data based on pooled mean values of all the individual concentrations/doses of the mutagens
Total frequency (%) 
6.347
5.811
Table 24: Comparative spectrum and frequency of chlorophyll mutations induced by 
EMS, γ rays and their combination treatments in Plantago ovata  Forsk. vars. Mayuri and 
Niharika in M2 generation
Var. Mayuri
Var. Niharika
Comparative frequency of chlorophyll mutation types (%)*
Striata Chlorina Virescens
Mutagen
Mf/R Mf/I Mf/L Mf/S Mf/Me
Control - - - - - - - - - - - -
0.1% 4.62 2.88 7.02 7.37 4.37 1.114 1.857 0.241 0.387 0.159 0.151 0.255
0.2% 6.92 3.75 10.73 8.07 5.85 1.306 1.089 0.189 0.349 0.122 0.162 0.223
0.4% 10.77 7.49 12.55 9.88 10.78 1.713 0.714 0.159 0.229 0.137 0.173 0.159
0.6% 16.92 11.82 20.60 20.51 13.40 2.208 0.613 0.130 0.187 0.107 0.108 0.165
0.8% 21.54 14.99 22.81 21.09 16.54 2.801 0.583 0.130 0.187 0.123 0.133 0.169
1.0% 32.31 19.02 36.73 24.35 18.61 3.671 0.612 0.114 0.193 0.100 0.151 0.197
15kR 3.08 5.76 3.67 11.74 6.82 0.843 0.056 0.274 0.146 0.230 0.072 0.124
30kR 6.15 9.22 6.27 15.22 7.56 1.299 0.043 0.211 0.141 0.207 0.085 0.172
45kR 10.77 14.12 12.09 16.49 11.88 1.788 0.040 0.166 0.127 0.148 0.108 0.151
60kR 14.62 16.14 17.56 16.87 14.46 2.147 0.036 0.147 0.133 0.122 0.127 0.149
75kR 20.77 17.58 24.35 22.04 16.78 2.669 0.036 0.128 0.152 0.110 0.121 0.159
90kR 30.77 23.63 33.04 30.26 20.81 3.141 0.035 0.102 0.133 0.095 0.104 0.151
45kR+0.1% 8.46 12.68 7.52 9.34 11.31 1.437 0.053 0.170 0.113 0.191 0.154 0.127
45kR+0.2% 12.31 16.43 14.78 15.47 16.14 1.846 0.034 0.150 0.112 0.125 0.119 0.114
45kR+0.4% 20.00 20.17 22.39 25.54 23.69 2.226 0.021 0.111 0.110 0.099 0.087 0.094
45kR+0.6% 31.54 25.65 32.94 27.64 31.47 3.411 0.021 0.108 0.133 0.104 0.123 0.108
Table 25: Mutagenic effectiveness and efficiency of EMS, γ rays and their combination treatments in Plantago ovata  Forsk. var. Mayuri 
in M2 generation
EMS
γ rays
  γ rays + 
EMS
Mutagenic efficiencyMutagen Treatment
%     
Inhibition in 
seed 
germination
(R)
%   
Seedling 
injury        
(I)
%      
Pollen 
sterility   
(S)
% Lethality 
(L)
Mutagenic
effectiveness 
(Mf/t.c., 
Mf/kR, 
Mf/t.c.kR)
% M2 
seedlings 
mutated 
(Mf)
%    
Meiotic 
aberrations
(Me)
Mf/R Mf/I Mf/L Mf/S Mf/Me
Control - - - - - - - - - - - -
0.1% 1.42 1.62 3.49 5.14 3.95 0.761 1.269 0.537 0.471 0.218 0.148 0.193
0.2% 4.26 3.70 3.99 5.55 5.31 1.289 1.074 0.303 0.349 0.323 0.232 0.243
0.4% 7.09 8.31 11.65 9.05 8.63 1.736 0.723 0.245 0.209 0.149 0.192 0.201
0.6% 14.18 9.47 17.89 13.78 10.95 2.069 0.575 0.146 0.219 0.116 0.150 0.189
0.8% 18.44 13.63 25.15 15.10 14.39 2.356 0.491 0.128 0.173 0.094 0.156 0.164
1.0% 30.50 15.24 25.56 19.67 17.88 3.292 0.549 0.108 0.216 0.129 0.167 0.184
15kR 2.84 2.54 4.03 8.49 4.49 0.909 0.061 0.320 0.358 0.226 0.107 0.202
30kR 5.67 4.16 8.64 10.71 7.13 0.966 0.032 0.170 0.232 0.112 0.090 0.135
45kR 9.93 11.55 13.73 13.39 8.80 1.532 0.034 0.154 0.133 0.112 0.114 0.174
60kR 13.48 13.86 15.97 19.04 12.66 1.915 0.032 0.142 0.138 0.120 0.101 0.151
75kR 19.86 19.86 27.17 19.99 15.65 2.572 0.034 0.130 0.130 0.095 0.129 0.164
90kR 33.33 21.02 29.21 26.23 18.37 3.175 0.035 0.095 0.151 0.109 0.121 0.173
45kR+0.1% 6.38 6.47 7.41 9.93 10.31 1.372 0.051 0.215 0.212 0.185 0.138 0.133
45kR+0.2% 9.93 10.39 14.10 12.57 13.50 1.717 0.032 0.173 0.165 0.122 0.137 0.127
45kR+0.4% 16.31 17.09 21.65 20.34 19.52 2.389 0.022 0.146 0.140 0.110 0.117 0.122
45kR+0.6% 30.50 19.86 32.76 25.38 28.38 2.721 0.017 0.089 0.137 0.083 0.107 0.096
Table 26: Mutagenic effectiveness and efficiency of EMS, γ rays and their combination treatments in Plantago ovata  Forsk. var. 
Niharika in M2 generation 
EMS
γ rays
  γ rays + 
EMS
Mutagenic efficiencyMutagen Treatment
%    
Inhibition in 
seed 
germination
(R)
%   
Seedling 
injury        
(I)
%      
Pollen 
sterility    
(S)
% Lethality 
(L)
Mutagenic
effectiveness 
(Mf/t.c., 
Mf/kR, 
Mf/t.c.kR)
% M2 
seedlings   
mutated 
(Mf)
%    
Meiotic 
aberrations
(Me)
Mf/R Mf/I Mf/L Mf/S Mf/Me
EMS 0.911 0.161 0.255 0.124 0.146 0.195
γ rays 0.041 0.171 0.139 0.152 0.103 0.151
  γ rays+EMS 0.032 0.135 0.117 0.130 0.121 0.111
EMS 0.780 0.244 0.273 0.171 0.174 0.196
γ rays 0.038 0.169 0.190 0.129 0.110 0.167
  γ rays+EMS 0.030 0.156 0.164 0.125 0.125 0.120
*Data based on pooled mean values of all the individual concentrations/doses of mutagens
Var. Mayuri
Var. Niharika
Table 27: Comparative mutagenic effectiveness and efficiency of EMS, γ rays 
and their combination treatments in Plantago ovata  Forsk. vars. Mayuri and 
Niharika in M2 generation
Mutagenic efficiency*Mutagen Mutagenic
effectiveness
 
Control 552 - - - - - - - - - - - - - - - - - - - - - -
0.1% 519 19 0.19 - 0.19 0.39 - 0.19 0.19 - - - - 0.58 0.19 - - - - - 0.19 0.19 -
0.2% 487 22 0.21 - 0.21 0.41 0.21 0.21 0.21 - - - - 0.62 0.21 0.21 - - - - 0.21 0.21 -
0.4% 565 47 0.35 0.18 0.35 0.53 0.35 0.53 0.18 0.35 - 0.18 - 0.71 0.35 0.35 0.18 0.18 - 0.18 0.18 0.18 0.18
0.6% 580 62 0.34 0.34 0.52 0.52 0.34 0.69 0.52 0.17 0.17 0.17 0.17 0.69 0.34 0.34 0.17 0.17 - 0.17 0.34 0.34 0.17
0.8% 573 77 0.35 0.35 0.52 0.70 0.35 0.70 0.52 0.35 0.17 0.35 0.35 0.87 0.52 0.52 0.35 0.17 0.17 0.35 0.52 0.35 0.17
1.0% 558 87 0.54 0.36 0.54 0.90 0.36 0.90 0.54 0.36 0.18 0.36 0.36 1.25 0.54 0.54 0.36 0.36 0.18 0.36 0.72 0.36 0.18
Pooled mean 547.00 52.33 0.33 0.20 0.39 0.57 0.27 0.54 0.36 0.21 0.09 0.18 0.15 0.79 0.36 0.33 0.18 0.15 0.06 0.18 0.36 0.27 0.12
15kR 564 27 0.18 0.18 0.35 0.35 - 0.35 0.35 - - - - 0.35 0.18 0.18 - 0.18 - - 0.18 0.18 -
30kR 543 36 0.18 0.18 0.37 0.55 0.18 0.55 0.37 - - - - 0.74 0.37 0.18 - 0.18 - - 0.18 0.18 -
45kR 578 50 0.17 0.17 0.35 0.52 0.17 0.52 0.52 0.35 - - - 0.69 0.35 0.35 0.17 0.17 - 0.17 0.35 0.17 -
60kR 556 64 0.36 0.36 0.54 0.54 0.18 0.54 0.54 0.36 - - 0.18 1.44 0.54 0.36 0.18 0.36 - 0.18 0.36 0.36 0.18
75kR 594 85 0.34 0.34 0.51 0.84 0.34 0.67 0.51 0.34 0.34 0.34 0.17 1.35 0.51 0.34 0.17 0.34 0.34 0.34 0.51 0.51 0.17
90kR 539 91 0.37 0.37 0.56 0.93 0.37 0.74 0.56 0.37 0.37 0.37 0.19 1.86 0.56 0.56 0.37 0.56 0.19 0.19 0.56 0.56 0.19
Pooled mean 562.33 58.83 0.27 0.27 0.45 0.62 0.21 0.56 0.47 0.24 0.12 0.12 0.09 1.07 0.42 0.33 0.15 0.30 0.09 0.15 0.35 0.33 0.09
45kR+0.1% 429 44 0.47 0.23 0.70 0.70 0.23 0.23 0.47 0.23 - 0.23 0.23 1.17 0.47 0.23 0.23 0.23 - - 0.47 0.23 0.23
45kR+0.2% 570 69 0.35 0.35 0.53 0.70 0.35 0.53 0.53 0.18 0.18 0.18 0.18 1.23 0.53 0.35 0.18 0.35 0.18 0.35 0.53 0.35 0.18
45kR+0.4% 576 111 0.69 0.52 0.87 1.04 0.52 0.87 0.69 0.69 0.35 0.52 0.35 1.74 0.52 0.35 0.35 0.52 0.17 0.35 0.69 0.52 0.35
45kR+0.6% 589 154 1.02 0.85 1.02 1.19 0.68 1.02 0.85 1.02 0.51 0.68 0.51 2.38 0.85 0.68 0.51 0.51 0.51 0.51 0.68 0.85 0.51
Pooled mean 541.00 94.50 0.63 0.49 0.78 0.91 0.45 0.66 0.63 0.53 0.26 0.40 0.32 1.63 0.59 0.40 0.32 0.40 0.21 0.30 0.59 0.49 0.32
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Table 28: Spectrum and frequency of meiotic aberrations induced by EMS, γ rays and their combination treatments in Plantago ovata  Forsk. var. Mayuri in M2 
generation
Mutagen
EMS
γ rays
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- - - - - - - - - - - -
0.19 0.39 - - - 0.19 - 0.19 - - 0.39 3.66
0.21 0.41 - - - 0.21 0.21 0.21 - - 0.41 4.52
0.35 0.35 - 0.18 0.18 0.35 0.35 0.35 - 0.18 0.53 8.32
0.34 0.69 0.17 0.17 0.17 0.69 0.34 0.34 - 0.17 0.86 10.69
0.35 0.87 0.17 0.17 0.17 0.70 0.35 0.35 0.17 0.35 1.05 13.44
0.36 0.72 0.18 0.36 0.36 0.72 0.54 0.54 0.18 0.36 1.08 15.59
0.30 0.57 0.09 0.15 0.15 0.48 0.30 0.33 0.06 0.18 0.72 9.37
0.18 0.35 - - - 0.18 0.18 0.18 - - 0.71 4.79
0.18 0.74 - - - 0.37 0.18 0.18 - - 0.74 6.63
0.17 0.87 - 0.17 0.17 0.52 0.35 0.35 - 0.17 0.69 8.65
0.18 0.90 0.18 0.36 0.18 0.54 0.36 0.36 - 0.18 0.72 11.51
0.34 1.01 0.17 0.34 0.34 0.51 0.51 0.51 0.17 0.17 1.01 14.31
0.37 1.11 0.19 0.56 0.37 0.74 0.56 0.56 0.37 0.37 0.93 16.88
0.24 0.83 0.09 0.24 0.18 0.48 0.35 0.35 0.09 0.15 0.80 10.46
0.23 0.70 - 0.23 0.23 0.47 0.47 0.23 - 0.23 0.47 10.26
0.35 0.70 0.18 0.18 0.18 0.35 0.53 0.35 0.18 0.18 0.70 12.11
0.52 1.22 0.17 0.52 0.35 0.69 0.69 0.52 0.35 0.17 1.39 19.27
0.68 1.87 0.51 0.68 0.51 0.85 0.85 0.68 0.34 0.34 1.53 26.15
0.45 1.12 0.21 0.40 0.32 0.59 0.63 0.45 0.22 0.23 1.02 16.94
Telophase I/II (%)
Total 
aberrations
(%)
M
ic
ro
nu
cl
ei
D
is
tu
rb
ed
po
la
ri
ty
M
ul
tin
uc
le
at
e 
co
nd
iti
on
Tr
ip
ol
ar
ity
N
on
-
sy
nc
hr
on
is
at
io
n
C
yt
om
ix
is
La
gg
ar
ds
Br
id
ge
s
Fr
ag
tm
en
s
C
yt
om
ix
is
N
on
-
sy
nc
hr
on
is
at
io
n
 
Control 528 - - - - - - - - - - - - - - - - - - - - - -
0.1% 543 15 - - 0.18 0.18 - 0.37 0.18 - - - - 0.37 0.18 - - - - - 0.18 - -
0.2% 560 27 - 0.18 0.18 0.18 0.18 0.36 0.18 - - - - 0.71 0.18 - - - - - 0.18 0.18 -
0.4% 589 38 0.17 0.34 0.17 0.34 0.17 0.34 0.17 0.17 - - 0.17 0.68 0.34 0.17 - 0.17 - 0.17 0.17 0.17 -
0.6% 473 45 0.21 0.42 0.42 0.42 0.42 0.42 0.42 0.21 - - 0.21 0.85 0.42 0.21 0.21 0.21 - 0.21 0.21 0.21 -
0.8% 571 70 0.35 0.35 0.53 0.53 0.35 0.53 0.53 0.35 0.18 0.18 0.35 1.05 0.35 0.35 0.18 0.18 0.18 0.35 0.35 0.35 0.18
1.0% 592 82 0.34 0.34 0.51 0.68 0.34 0.51 0.51 0.51 0.17 0.34 0.34 1.35 0.51 0.34 0.17 0.51 0.17 0.34 0.34 0.34 0.34
Pooled mean 554.67 46.17 0.18 0.27 0.33 0.39 0.24 0.42 0.33 0.21 0.06 0.09 0.18 0.83 0.33 0.18 0.09 0.18 0.06 0.18 0.24 0.21 0.09
15kR 542 19 0.18 - 0.18 0.18 - 0.37 0.18 - - - - 0.55 0.18 - - - - - 0.18 0.18 -
30kR 551 32 0.18 0.18 0.36 0.18 0.18 0.36 0.18 0.18 - - - 0.73 0.36 - - - - - 0.36 0.18 -
45kR 573 40 0.35 0.35 0.35 0.35 0.17 0.35 0.35 0.17 - - - 0.70 0.35 0.17 - 0.17 - - 0.35 0.17 -
60kR 479 51 0.42 0.42 0.63 0.42 0.42 0.63 0.42 0.42 - - 0.21 1.04 0.42 0.42 0.21 0.21 - 0.21 0.42 0.21 -
75kR 526 67 0.38 0.57 0.57 0.57 0.38 0.57 0.38 0.38 0.19 0.19 0.38 1.14 0.57 0.38 0.19 0.19 0.19 0.19 0.38 0.19 0.19
90kR 565 92 0.35 0.53 0.53 0.71 0.53 0.71 0.53 0.35 0.18 0.35 0.53 1.59 0.53 0.35 0.35 0.35 0.35 0.53 0.53 0.35 0.35
Pooled mean 539.33 50.17 0.31 0.34 0.44 0.40 0.28 0.50 0.34 0.25 0.06 0.09 0.19 0.96 0.40 0.22 0.13 0.15 0.09 0.15 0.37 0.22 0.09
45kR+0.1% 533 44 0.19 0.38 0.38 0.38 0.19 0.38 0.38 0.19 - - 0.19 1.13 0.56 0.19 - 0.19 - 0.19 0.19 0.19 -
45kR+0.2% 564 65 0.35 0.35 0.35 0.71 0.18 0.53 0.35 0.18 0.18 0.18 0.18 1.24 0.53 0.35 0.18 0.35 - 0.35 0.35 0.18 0.18
45kR+0.4% 589 97 0.51 0.51 0.68 1.02 0.34 0.68 0.51 0.34 0.34 0.34 0.34 1.36 0.68 0.51 0.34 0.34 0.34 0.34 0.51 0.51 0.34
45kR+0.6% 568 138 0.70 0.88 0.70 1.23 0.53 0.88 1.06 0.70 0.53 0.53 0.70 2.11 0.70 0.53 0.53 0.70 0.53 0.53 0.70 0.53 0.53
Pooled mean 563.50 86.00 0.44 0.53 0.53 0.83 0.31 0.62 0.57 0.35 0.26 0.26 0.35 1.46 0.62 0.39 0.26 0.40 0.22 0.35 0.44 0.35 0.26
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Table 29: Spectrum and frequency of meiotic aberrations induced by EMS, γ rays and their combination treatments in Plantago ovata  Forsk. var. Niharika in M2 
generation        
Mutagen
EMS
γ rays
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- - - - - - - - - - - -
0.18 0.37 - - - 0.18 0.18 0.18 - - - 2.76
0.18 0.89 - - - 0.36 0.18 0.18 - - 0.54 4.82
0.17 0.85 - - 0.17 0.34 0.17 0.34 - - 0.51 6.45
0.21 1.06 0.21 - - 0.42 0.42 0.42 0.21 - 0.85 9.51
0.35 1.05 0.18 0.18 0.18 0.53 0.35 0.35 0.18 0.35 0.88 12.26
0.34 1.01 0.17 0.34 0.17 0.68 0.34 0.34 0.34 0.34 0.84 13.85
0.24 0.87 0.09 0.09 0.09 0.42 0.27 0.30 0.12 0.11 0.60 8.28
0.18 0.37 - - - 0.18 0.18 - - - 0.37 3.51
0.36 0.54 - - - 0.36 0.18 0.18 - - 0.73 5.81
0.35 0.70 - 0.17 - 0.35 0.17 0.17 0.17 - 0.52 6.98
0.42 0.63 - 0.21 - 0.42 0.21 0.21 0.21 0.21 1.04 10.65
0.38 0.95 0.19 0.19 0.19 0.38 0.57 0.38 0.19 0.19 0.95 12.74
0.35 1.06 0.35 0.35 0.35 0.71 0.53 0.35 0.35 0.35 0.88 16.28
0.34 0.71 0.09 0.15 0.09 0.40 0.31 0.22 0.15 0.13 0.75 9.33
0.38 0.75 - 0.19 - 0.38 0.19 0.38 - - 0.75 8.26
0.35 0.71 0.18 0.18 0.18 0.53 0.35 0.35 0.18 0.35 0.89 11.52
0.51 0.85 0.17 0.34 0.34 0.68 0.51 0.51 0.34 0.34 1.02 16.47
0.70 1.58 0.35 0.35 0.53 0.88 0.70 0.70 0.53 0.53 1.58 24.30
0.49 0.97 0.17 0.26 0.26 0.62 0.44 0.49 0.26 0.31 1.06 15.14
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Metaphase I/II 
(%)
Anaphase I/II 
(%)
Telophase I/II 
(%)
Total aberrations 
(%)
Metaphase I/II 
(%)
Anaphase I/II 
(%)
Telophase I/II 
(%)
Total aberrations 
(%)
Control - - - - - - - -
0.1% 1.73 1.16 0.77 3.66 1.29 0.92 0.55 2.76
0.2% 2.05 1.44 1.03 4.52 1.96 1.61 1.25 4.82
0.4% 3.72 2.48 2.12 8.32 2.72 2.21 1.53 6.45
0.6% 4.66 3.10 2.93 10.69 4.02 2.96 2.54 9.51
0.8% 5.58 4.36 3.49 13.44 5.25 3.85 3.15 12.26
1.0% 6.63 4.66 4.30 15.59 5.91 4.39 3.55 13.85
Pooled mean 4.06 2.87 2.44 9.37 3.53 2.66 2.09 8.28
15kR 2.13 1.42 1.24 4.79 1.66 1.11 0.74 3.51
30kR 3.13 2.03 1.47 6.63 2.54 1.81 1.45 5.81
45kR 3.46 2.77 2.42 8.65 3.14 2.27 1.57 6.98
60kR 5.04 3.60 2.88 11.51 5.01 3.13 2.51 10.65
75kR 6.06 4.55 3.70 14.31 5.70 3.80 3.23 12.74
90kR 7.05 5.19 4.64 16.88 6.90 5.13 4.25 16.28
Pooled mean 4.48 3.26 2.73 10.46 4.16 2.88 2.29 9.33
45kR+0.1% 4.90 3.03 2.33 10.26 3.75 2.63 1.88 8.26
45kR+0.2% 5.26 4.04 2.81 12.11 4.79 3.55 3.19 11.52
45kR+0.4% 8.85 5.56 4.86 19.27 6.96 5.26 4.24 16.47
45kR+0.6% 11.71 8.15 6.28 26.15 10.56 7.57 6.16 24.30
Pooled mean 7.68 5.19 4.07 16.94 6.52 4.75 3.87 15.14
γ rays + 
EMS
Table 30: Comparative frequency of meiotic aberrations induced by EMS, γ rays and their combination treatments at different 
divisional stages of meiosis in Plantago ovata  Forsk. vars. Mayuri and Niharika in M2 generation
EMS
γ rays
Var. Mayuri Var. Niharika
Mutagen Treatment
Concentration Frequency (%) Doses
Frequency 
(%) γ rays (kR)+EMS (%)
Frequency 
(%)
Plant height
Dwarf 0.6%, 0.8%, 1.0% 0.21 45kR, 75kR, 90kR 0.15 45kR+0.2%, 45kR+0.4%, 45kR+0.6% 0.34 0.70
Semi dwarf 0.2%, 0.4%, 0.6%, 0.8%, 1.0% 0.27 30kR, 45kR, 60kR, 75kR, 90kR 0.24 45kR+0.1%, 45kR+0.2%, 45kR+0.4%, 0.38 0.89
Growth habit
Compact 0.2%, 0.6% 0.24 15kR, 30kR, 45kR, 60kR 0.27 45kR+0.1%, 45kR+0.2%, 45kR+0.4% 0.19 0.70
Spreading 0.4%, 0.6%, 0.8%, 1.0% 0.27 45kR, 60kR, 90kR 0.15 45kR+0.2%, 45kR+0.4%, 45kR+0.6% 0.29 0.71
Elongated tiller 0.8%, 1.0% 0.09 - - 45kR+0.6% 0.10 0.19
More foliage - - - - - - -
Leaf morphology
Broad 0.2%, 0.6%, 0.8%, 1.0% 0.18 30kR, 45kR, 60kR 0.09 45kR+0.2%, 45kR+0.4% 0.14 0.41
Narrow 0.1%, 0.2%, 0.4%, 0.6%, 1.0% 0.24 15kR, 45kR, 60kR 0.18 45kR+0.1%, 45kR+0.2%, 45kR+0.4% 0.24 0.66
Curled leaves 0.8%, 1.0% 0.09 75kR, 90kR 0.12 45kR+0.4%, 45kR+0.6% 0.19 0.40
Dark green coloured - - - - - - -
Spike morphology
Long 0.2%, 0.4%, 0.6% 0.12 30kR, 45kR, 60kR 0.12 45kR+0.1%, 45kR+0.4% 0.10 0.34
Partially filled 0.8%, 1.0% 0.15 60kR, 90kR 0.09 45kR+0.4%, 45kR+0.6% 0.14 0.38
Feathery 0.1%, 0.2%, 0.6%, 0.8%, 1.0% 0.55 30kR, 45kR, 60kR, 75kR, 90kR 0.35 45kR+0.1%, 45kR+0.2%, 45kR+0.6% 0.34 1.24
Branched 0.8%, 1.0% 0.27 30kR, 45kR 0.21 45kR+0.2%, 45kR+0.4%, 45kR+0.6% 0.19 0.67
Club shaped - - - - - - -
Growth period (maturity)
Early maturing 0.1%, 0.2%, 0.4%, 0.27 15kR, 30kR, 60kR 0.24 45kR+0.1%, 45kR+0.2% 0.19 0.70
Late maturing 0.6%, 0.8% 0.12 75kR, 90kR 0.12 45kR+0.6% 0.10 0.34
Yield
More tillers/plant 0.1%, 0.2%, 0.4%, 0.6%, 1.0% 0.37 15kR, 30kR, 45kR, 60kR, 90kR 0.26 45kR+0.2%, 45kR+0.4%, 45kR+0.6% 0.29 0.92
More spikes/plant 0.2%, 0.4%, 0.6%, 0.8%, 1.0% 0.30 15kR, 30kR, 45kR, 60kR, 75kR 0.35 45kR+0.2%, 45kR+0.6% 0.19 0.84
Table 31: Spectrum and frequency of morphological mutations induced by EMS, γ rays and their combination treatments at different stages 
of growth in Plantago ovata  Forsk. var. Mayuri in M2 generation
EMS (3279) γ rays (3401) γ rays+EMS (2079)
Mutation type
Total frequency 
(of all mutagens) 
(%)
Concentration Frequency (%) Doses
Frequency 
(%) γ rays (kR)+EMS (%)
Frequency 
(%)
Plant height
Dwarf 0.6%, 1.0% 0.11 75kR, 90kR 0.12 45kR+0.4%, 45kR+0.6% 0.23 0.46
Semi dwarf 0.2%, 0.4%, 0.6%, 0.8% 0.16 15kR, 30kR, 45kR, 60kR, 75kR 0.21 45kR+0.2%, 45kR+0.4% 0.14 0.51
Growth habit
Compact - - - - - - -
Spreading 0.4%, 0.6%, 1.0% 0.25 45kR, 60kR, 75kR 0.24 45kR+0.1%, 45kR+0.2%, 45kR+0.6% 0.28 0.77
Elongated tiller - - - - - - -
More foliage 0.1%, 0.4%, 0.6% 0.11 30kR, 45kR 0.09 45kR+0.2% 0.05 0.25
Leaf morphology
Broad 0.2%, 0.4%, 0.6%, 0.8%, 1.0% 0.25 15kR, 30kR, 60kR 0.15 45kR+0.2%, 45kR+0.6% 0.09 0.49
Narrow 0.4%, 0.6%, 0.8%, 1.0% 0.16 30kR 0.06 45kR+0.2%, 45kR+0.4% 0.19 0.41
Curled leaves 1.0% 0.08 75kR, 90kR 0.12 45kR+0.4%, 45kR+0.6% 0.14 0.34
Dark green coloured 0.2%, 0.6% 0.05 30kR, 45kR 0.06 - - 0.11
Spike morphology
Long 0.1%, 0.2%, 0.4% 0.25 15kR, 30kR, 45kR, 60kR 0.24 45kR+0.1%, 45kR+0.2%, 45kR+0.4% 0.23 0.72
Partially filled 0.6%, 0.8%, 1.0% 0.33 60kR, 75kR, 90kR 0.18 45kR+0.2%, 45kR+0.6% 0.19 0.70
Feathery 0.1%, 0.2%, 0.4%, 0.8%, 1.0% 0.87 15kR, 45kR, 60kR, 90kR 0.33 45kR+0.1%, 45kR+0.4%, 45kR+0.6% 0.19 1.39
Branched - - 60kR 0.06 45kR+0.2%, 45kR+0.4% 0.14 0.20
Club shaped 0.2% 0.25 - - - - 0.25
Growth period (maturity)
Early maturing 0.2%, 0.4%, 0.6% 0.22 15kR, 30kR, 45kR 0.21 45kR+0.1%, 45kR+0.4% 0.19 0.62
Late maturing 0.8%, 1.0% 0.11 60kR, 75kR, 90kR 0.15 45kR+0.4%, 45kR+0.6% 0.23 0.49
Yield
More tillers/plant 0.2%, 0.4%, 0.6%, 0.8%, 1.0% 0.33 15kR, 30kR, 45kR, 75kR, 90kR 0.30 45kR+0.1%, 45kR+0.2%, 45kR+0.4% 0.32 0.95
More spikes/plant 0.1%, 0.4%, 0.6%, 0.8%, 1.0% 0.38 30kR, 45kR, 60kR, 90kR 0.27 45kR+0.1%, 45kR+0.2%, 45kR+0.4%, 0.28 0.93
Table 32: Spectrum and frequency of morphological mutations induced by EMS, γ rays and their combination treatments at different stages 
of growth in Plantago ovata  Forsk. var. Niharika in M2 generation
EMS (3663) γ rays (3376) γ rays+EMS (2154)
Mutation type
Total frequency 
(of all mutagens) 
(%)
Plant height Growth habit Leaf morphology
Spike 
morphology
Growth 
period Yield
EMS 0.48 0.60 0.51 1.09 0.39 0.67 3.74
γ rays 0.39 0.42 0.39 0.77 0.36 0.61 2.94
  γ rays+EMS 0.72 0.58 0.57 0.77 0.29 0.48 3.41
EMS 0.27 0.36 0.54 1.70 0.33 0.71 3.91
γ rays 0.33 0.33 0.39 0.81 0.36 0.57 2.79
  γ rays+EMS 0.37 0.33 0.42 0.75 0.42 0.60 2.89
*Data based on total frequency of all the mutations affecting particular plant feature
9.59
Total frequency (%)Mutagen
Table 33: Comparative frequency of morphological mutations induced by EMS, γ rays and 
their combination treatments in Plantago ovata  Forsk. vars. Mayuri and Niharika in M2 
generation
Var. Mayuri
Var. Niharika
Comparative frequency of morphological mutation types (%)*
10.09
 ± S.E. Shift in Mean S.D. C.V.(%) L.S.D. 
± S.E. Shift in Mean S.D. C.V.(%) L.S.D.
Control 92.53 ± 0.68 - 2.64 2.86 96.20 ± 0.65 - 2.51 2.61
0.1% 89.80* ± 0.85 -2.73 3.28 3.65 96.40 ± 0.90 0.20 3.48 3.61
0.2% 89.67* ± 1.21 -2.86 4.69 5.23 93.07* ± 1.11 -3.13 4.32 4.64
0.4% 89.47* ± 0.94 -3.06 3.62 4.05 5% = 2.70 92.40** ± 0.97 -4.00 3.74 4.05 5% = 2.81
0.6% 91.73 ± 1.00 -0.80 3.86 4.21 1% = 3.57 94.47 ± 1.32 -1.73 5.10 5.40 1% = 3.71
0.8% 93.07 ± 1.04 0.54 4.03 4.33 96.33 ± 1.02 0.13 3.96 4.11
1.0% 95.33* ± 0.93 2.80 3.60 3.78 98.67 ± 0.90 2.47 3.50 3.55
15kR 89.07* ± 0.98 -3.46 3.79 4.25 92.13** ± 1.27 -4.07 4.93 5.35
30kR 88.53** ± 1.18 -4.00 4.56 5.16 93.00* ± 0.89 -3.20 3.44 3.70
45kR 89.40* ± 1.03 -3.13 4.00 4.47 5% = 2.88 93.20* ± 0.94 -3.00 3.63 3.89 5% = 2.75
60kR 91.47 ± 1.15 -1.06 4.44 4.85 1% = 3.81 95.53 ± 0.81 -0.67 3.14 3.28 1% = 3.64
75kR 91.27 ± 0.77 -1.26 2.96 3.25 96.27 ± 0.88 0.07 3.41 3.54
90kR 92.87 ± 1.26 0.34 4.88 5.26 97.07 ± 1.26 0.87 4.89 5.04
45kR+0.1% 92.27 ± 0.94 -0.26 3.63 3.94 96.13 ± 1.12 -0.07 4.36 4.53
45kR+0.2% 89.53* ± 1.02 -3.00 3.94 4.40 5% = 2.54 92.47* ± 1.16 -3.73 4.49 4.85 5% = 3.20
45kR+0.4% 89.73* ± 0.95 -2.80 3.69 4.12 1% = 3.37 94.27 ± 1.43 -1.93 5.54 5.87 1% = 4.25
45kR+0.6% 93.40 ± 0.87 0.87 3.38 3.61 98.00 ± 1.18 1.80 4.55 4.64
*Significant at 5% level, **Significant at 1% level
γ rays + 
EMS
Var. Mayuri Var. Niharika
Table 34: Estimates of mean ( ), shift in mean, standard deviation (S.D.) and coefficient of variation (C.V.) for days to flowering 
in Plantago ovata  Forsk. vars. Mayuri and Niharika in M2 generation
TreatmentMutagen
EMS
γ rays
 ± S.E. Shift in Mean S.D. C.V.(%) L.S.D. 
± S.E. Shift in Mean S.D. C.V.(%) L.S.D.
Control 33.93 ± 0.37 - 1.42 4.19 39.49 ± 0.36 - 1.40 3.54
0.1% 33.09 ± 0.67 -0.84 2.61 7.88 39.68 ± 0.64 0.19 2.48 6.26
0.2% 34.69 ± 0.62 0.76 2.40 6.92 41.02 ± 0.92 1.53 3.55 8.66
0.4% 35.77* ± 0.70 1.84 2.71 7.57 5% = 1.76 41.69* ± 0.91 2.20 3.52 8.45 5% = 2.09
0.6% 34.12 ± 0.61 0.19 2.35 6.90 1% = 2.33 40.21 ± 0.87 0.72 3.37 8.38 1% = 2.77
0.8% 31.62* ± 0.73 -2.31 2.83 8.94 37.12* ± 0.72 -2.37 2.78 7.48
1.0% 30.93** ± 0.63 -3.00 2.43 7.85 38.01 ± 0.78 -1.48 3.01 7.92
15kR 35.83* ± 0.77 1.90 2.99 8.33 41.04 ± 0.97 1.55 3.77 9.18
30kR 35.93* ± 0.72 2.00 2.77 7.72 39.83 ± 0.70 0.34 2.72 6.84
45kR 34.14 ± 0.67 0.21 2.60 7.61 5% = 1.87 39.61 ± 0.94 0.12 3.65 9.20 5% = 2.13
60kR 33.35 ± 0.59 -0.58 2.29 6.87 1% = 2.48 37.05* ± 0.77 -2.44 2.98 8.05 1% = 2.82
75kR 33.80 ± 0.77 -0.13 2.98 8.80 35.67** ± 0.68 -3.82 2.62 7.35
90kR 31.71* ± 0.70 -2.22 2.71 8.55 35.33** ± 0.73 -4.16 2.82 7.98
45kR+0.1% 33.97 ± 0.75 0.04 2.90 8.54 35.83** ± 0.64 -3.66 2.50 6.97
45kR+0.2% 35.73* ± 0.66 1.80 2.56 7.17 5% = 1.73 40.20 ± 0.79 0.71 3.05 7.59 5% = 1.95
45kR+0.4% 34.31 ± 0.66 0.38 2.54 7.40 1% = 2.29 40.05 ± 0.90 0.56 3.50 8.75 1% = 2.59
45kR+0.6% 33.24 ± 0.56 -0.69 2.15 6.47 34.56** ± 0.64 -4.93 2.47 7.14
*Significant at 5% level, **Significant at 1% level
γ rays + 
EMS
Var. Mayuri Var. Niharika
Table 35: Estimates of mean ( ), shift in mean, standard deviation (S.D.) and coefficient of variation (C.V.) for plant height (cm) 
in Plantago ovata  Forsk. vars. Mayuri and Niharika in M2 generation
TreatmentMutagen
EMS
γ rays
 ± S.E. Shift in Mean S.D. C.V.(%) L.S.D. 
± S.E. Shift in Mean S.D. C.V.(%) L.S.D.
Control 138.20 ± 0.43 - 1.66 1.20 147.07 ± 0.46 - 1.79 1.22
0.1% 136.40 ± 1.02 -1.80 3.94 2.89 146.40 ± 1.04 -0.67 4.03 2.75
0.2% 135.20** ± 0.85 -3.00 3.28 2.42 143.67** ± 0.64 -3.40 2.50 1.74
0.4% 132.73** ± 0.91 -5.47 3.51 2.65 5% = 2.24 144.53* ± 0.75 -2.54 2.90 2.01 5% = 2.20
0.6% 135.80* ± 0.92 -2.40 3.57 2.63 1% = 2.97 145.67 ± 0.84 -1.40 3.24 2.23 1% = 2.91
0.8% 134.27** ± 0.64 -3.93 2.46 1.83 144.60* ± 0.79 -2.47 3.07 2.12
1.0% 137.27 ± 0.68 -0.93 2.63 1.92 148.20 ± 0.84 1.13 3.26 2.20
15kR 133.47** ± 0.87 -4.73 3.38 2.53 144.47* ± 0.93 -2.60 3.58 2.48
30kR 132.93** ± 0.61 -5.27 2.34 1.76 143.60** ± 0.84 -3.47 3.25 2.26
45kR 134.33** ± 0.87 -3.87 3.37 2.51 5% = 2.30 146.07 ± 0.98 -1.00 3.79 2.59 5% = 2.28
60kR 133.60** ± 0.91 -4.60 3.52 2.64 1% = 3.05 146.47 ± 0.68 -0.60 2.64 1.80 1% = 3.01
75kR 135.40* ± 0.87 -2.80 3.36 2.48 147.73 ± 0.93 0.66 3.59 2.43
90kR 137.33 ± 1.03 -0.87 3.99 2.91 148.33 ± 0.74 1.26 2.87 1.93
45kR+0.1% 135.67* ± 0.64 -2.53 2.50 1.84 147.53 ± 0.68 0.46 2.61 1.77
45kR+0.2% 132.60** ± 0.86 -5.60 3.31 2.50 5% = 2.31 144.87* ± 0.79 -2.20 3.04 2.10 5% = 2.08
45kR+0.4% 135.33* ± 1.03 -2.87 3.99 2.95 1% = 3.07 146.93 ± 0.81 -0.14 3.13 2.13 1% = 2.77
45kR+0.6% 138.53 ± 0.98 0.33 3.80 2.74 149.40* ± 0.89 2.33 3.44 2.30
*Significant at 5% level, **Significant at 1% level
γ rays + 
EMS
Var. Mayuri Var. Niharika
Table 36: Estimates of mean ( ), shift in mean, standard deviation (S.D.) and coefficient of variation (C.V.) for days to maturity in 
Plantago ovata  Forsk. vars. Mayuri and Niharika in M2 generation
TreatmentMutagen
EMS
γ rays
 ± S.E. Shift in Mean S.D. C.V.(%) L.S.D. 
± S.E. Shift in Mean S.D. C.V.(%) L.S.D.
Control 5.53 ± 0.22 - 0.83 15.07 5.00 ± 0.22 - 0.85 16.90
0.1% 5.60 ± 0.31 0.07 1.18 21.13 5.13 ± 0.35 0.13 1.36 26.41
0.2% 6.67* ± 0.43 1.14 1.68 25.14 6.13** ± 0.36 1.13 1.41 22.95
0.4% 6.53* ± 0.35 1.00 1.36 20.75 5% = 0.90 5.87* ± 0.29 0.87 1.13 19.18 5% = 0.85
0.6% 6.47* ± 0.45 0.94 1.73 26.70 1% = 1.19 5.93* ± 0.33 0.93 1.28 21.57 1% = 1.12
0.8% 5.40 ± 0.29 -0.13 1.12 20.76 5.60 ± 0.31 0.60 1.18 21.13
1.0% 5.47 ± 0.29 -0.06 1.13 20.59 4.80 ± 0.22 -0.20 0.86 17.96
15kR 6.73** ± 0.41 1.20 1.58 23.46 5.93* ± 0.33 0.93 1.28 21.57
30kR 6.60* ± 0.29 1.07 1.12 16.99 6.13** ± 0.32 1.13 1.25 20.31
45kR 5.73 ± 0.30 0.20 1.16 20.28 5% = 0.90 5.87* ± 0.27 0.87 1.06 18.07 5% = 0.84
60kR 6.53* ± 0.35 1.00 1.36 20.75 1% = 1.19 5.00 ± 0.31 0.00 1.20 23.90 1% = 1.12
75kR 5.67 ± 0.29 0.14 1.11 19.64 5.07 ± 0.36 0.07 1.39 27.38
90kR 5.40 ± 0.36 -0.13 1.40 26.00 4.60 ± 0.27 -0.40 1.06 22.95
45kR+0.1% 5.53 ± 0.29 0.00 1.13 20.34 5.27 ± 0.27 0.27 1.03 19.61
45kR+0.2% 6.47* ± 0.49 0.94 1.88 29.15 5% = 0.88 6.07* ± 0.36 1.07 1.39 22.86 5% = 0.82
45kR+0.4% 5.73 ± 0.28 0.20 1.10 19.18 1% = 1.17 5.13 ± 0.34 0.13 1.30 25.36 1% = 1.09
45kR+0.6% 5.60 ± 0.32 0.07 1.24 22.18 5.00 ± 0.26 0.00 1.00 20.00
*Significant at 5% level, **Significant at 1% level
γ rays + 
EMS
Var. Mayuri Var. Niharika
Table 37: Estimates of mean ( ), shift in mean, standard deviation (S.D.) and coefficient of variation (C.V.) for number of tillers 
per plant in Plantago ovata  Forsk. vars. Mayuri and Niharika in M2 generation
TreatmentMutagen
EMS
γ rays
 ± S.E. Shift in Mean S.D. C.V.(%) L.S.D. 
± S.E. Shift in Mean S.D. C.V.(%) L.S.D.
Control 60.87 ± 0.52 - 2.00 3.28 54.93 ± 0.61 - 2.37 4.32
0.1% 61.73 ± 0.94 0.86 3.63 5.89 61.93** ± 0.96 7.00 3.73 6.02
0.2% 72.40** ± 1.02 11.53 3.96 5.47 77.67** ± 0.96 22.74 3.74 4.81
0.4% 69.27** ± 0.88 8.40 3.39 4.89 5% = 2.53 71.40** ± 0.91 16.47 3.54 4.96 5% = 2.59
0.6% 63.67* ± 0.98 2.80 3.81 5.99 1% = 3.35 66.07** ± 0.98 11.14 3.79 5.73 1% = 3.42
0.8% 67.53** ± 0.98 6.66 3.78 5.59 68.27** ± 0.97 13.34 3.77 5.52
1.0% 57.93* ± 0.90 -2.94 3.49 6.03 64.73** ± 0.98 9.80 3.81 5.88
15kR 77.93** ± 1.10 17.06 4.27 5.48 69.60** ± 0.97 14.67 3.76 5.40
30kR 77.80** ± 0.99 16.93 3.84 4.94 68.93** ± 0.92 14.00 3.58 5.19
45kR 70.87** ± 0.94 10.00 3.62 5.11 5% = 2.57 62.13** ± 1.00 7.20 3.87 6.23 5% = 2.51
60kR 75.53** ± 0.97 14.66 3.74 4.95 1% = 3.40 55.80 ± 0.96 0.87 3.73 6.68 1% = 3.33
75kR 66.67** ± 0.90 5.80 3.50 5.25 51.73* ± 0.95 -3.20 3.69 7.14
90kR 61.40 ± 0.89 0.53 3.44 5.60 44.47** ± 0.79 -10.46 3.04 6.85
45kR+0.1% 72.67** ± 1.05 11.80 4.06 5.59 50.87** ± 0.87 -4.06 3.38 6.64
45kR+0.2% 79.20** ± 0.99 18.33 3.82 4.82 5% = 2.60 68.07** ± 0.91 13.14 3.53 5.19 5% = 2.34
45kR+0.4% 77.60** ± 0.97 16.73 3.74 4.82 1% = 3.45 62.33** ± 0.93 7.40 3.60 5.77 1% = 3.11
45kR+0.6% 56.73** ± 0.99 -4.14 3.83 6.74 50.20** ± 0.78 -4.73 3.03 6.03
*Significant at 5% level, **Significant at 1% level
γ rays + 
EMS
Var. Mayuri Var. Niharika
Table 38: Estimates of mean ( ), shift in mean, standard deviation (S.D.) and coefficient of variation (C.V.) for number of spikes 
per plant in Plantago ovata  Forsk. vars. Mayuri and Niharika in M2 generation
TreatmentMutagen
EMS
γ rays
 ± S.E. Shift in Mean S.D. C.V.(%) L.S.D. 
± S.E. Shift in Mean S.D. C.V.(%) L.S.D.
Control 3.98 ± 0.21 - 0.82 20.57 4.85 ± 0.24 - 0.95 19.54
0.1% 4.15 ± 0.30 0.17 1.14 27.57 5.11 ± 0.35 0.26 1.34 26.20
0.2% 4.90* ± 0.31 0.92 1.19 24.38 5.85* ± 0.32 1.00 1.24 21.68
0.4% 5.22** ± 0.32 1.24 1.26 24.09 5% = 0.85 5.24 ± 0.38 0.39 1.47 28.14 5% = 0.89
0.6% 4.83 ± 0.36 0.85 1.40 29.07 1% = 1.13 5.03 ± 0.32 0.18 1.24 24.73 1% = 1.18
0.8% 4.33 ± 0.34 0.35 1.31 30.18 4.83 ± 0.30 -0.02 1.15 23.87
1.0% 3.95 ± 0.26 -0.03 1.01 25.44 4.69 ± 0.30 -0.16 1.18 25.10
15kR 4.96* ± 0.33 0.98 1.28 25.81 5.89* ± 0.38 1.04 1.48 25.05
30kR 4.79 ± 0.36 0.81 1.39 29.01 5.74* ± 0.32 0.89 1.25 21.85
45kR 4.14 ± 0.28 0.16 1.09 26.25 5% = 0.81 5.32 ± 0.30 0.47 1.17 22.00 5% = 0.87
60kR 4.29 ± 0.32 0.31 1.23 28.66 1% = 1.07 5.05 ± 0.29 0.20 1.11 22.08 1% = 1.15
75kR 3.99 ± 0.24 0.01 0.93 23.33 4.89 ± 0.30 0.04 1.17 24.03
90kR 3.93 ± 0.25 -0.05 0.96 24.36 4.88 ± 0.31 0.03 1.19 24.37
45kR+0.1% 4.39 ± 0.30 0.41 1.14 26.06 4.92 ± 0.36 0.07 1.40 28.42
45kR+0.2% 4.78* ± 0.32 0.80 1.23 25.79 5% = 0.78 5.19 ± 0.32 0.34 1.24 23.94 5% = 0.87
45kR+0.4% 4.88* ± 0.28 0.90 1.09 22.30 1% = 1.04 5.79* ± 0.34 0.94 1.31 22.56 1% = 1.16
45kR+0.6% 3.88 ± 0.27 -0.10 1.03 26.63 4.75 ± 0.26 -0.10 1.02 21.50
*Significant at 5% level, **Significant at 1% level
γ rays + 
EMS
Var. Mayuri Var. Niharika
Table 39: Estimates of mean ( ), shift in mean, standard deviation (S.D.) and coefficient of variation (C.V.) for spike length (cm) 
in Plantago ovata  Forsk. vars. Mayuri and Niharika in M2 generation
TreatmentMutagen
EMS
γ rays
 ± S.E. Shift in Mean S.D. C.V.(%) L.S.D. 
± S.E. Shift in Mean S.D. C.V.(%) L.S.D.
Control 1.22 ± 0.01 - 0.06 4.77 1.40 ± 0.02 - 0.08 5.65
0.1% 1.28 ± 0.03 0.06 0.10 7.88 1.42 ± 0.03 0.02 0.10 7.25
0.2% 1.31** ± 0.03 0.09 0.11 8.49 1.58** ± 0.03 0.18 0.12 7.66
0.4% 1.33** ± 0.02 0.11 0.08 6.10 5% = 0.06 1.53** ± 0.04 0.13 0.14 8.98 5% = 0.08
0.6% 1.30* ± 0.03 0.08 0.11 8.22 1% = 0.08 1.50* ± 0.03 0.10 0.13 8.78 1% = 0.11
0.8% 1.26 ± 0.02 0.04 0.09 7.26 1.40 ± 0.03 0.00 0.13 9.13
1.0% 1.18 ± 0.01 -0.04 0.05 4.22 1.31* ± 0.03 -0.09 0.10 7.91
15kR 1.30* ± 0.03 0.08 0.10 7.78 1.52** ± 0.04 0.12 0.15 10.10
30kR 1.31* ± 0.02 0.09 0.08 6.11 1.53** ± 0.03 0.13 0.12 7.52
45kR 1.29 ± 0.03 0.07 0.10 7.99 5% = 0.07 1.39 ± 0.03 -0.01 0.12 8.62 5% = 0.09
60kR 1.26 ± 0.03 0.04 0.10 7.94 1% = 0.09 1.38 ± 0.03 -0.02 0.14 9.80 1% = 0.11
75kR 1.22 ± 0.03 0.00 0.10 8.51 1.39 ± 0.03 -0.01 0.11 8.26
90kR 1.20 ± 0.03 -0.02 0.12 9.73 1.31 ± 0.03 -0.09 0.10 7.80
45kR+0.1% 1.26 ± 0.03 0.04 0.10 8.22 1.46 ± 0.03 0.06 0.10 6.67
45kR+0.2% 1.37** ± 0.03 0.15 0.10 7.18 5% = 0.07 1.59** ± 0.03 0.19 0.12 7.80 5% = 0.08
45kR+0.4% 1.31* ± 0.03 0.09 0.11 8.07 1% = 0.09 1.53** ± 0.03 0.13 0.13 8.78 1% = 0.10
45kR+0.6% 1.29 ± 0.02 0.07 0.09 6.99 1.37 ± 0.03 -0.03 0.10 7.25
*Significant at 5% level, **Significant at 1% level
γ rays + 
EMS
Var. Mayuri Var. Niharika
Table 40: Estimates of mean ( ), shift in mean, standard deviation (S.D.) and coefficient of variation (C.V.) for 1000-seed weight 
(g)  in Plantago ovata  Forsk. vars. Mayuri and Niharika in M2 generation
TreatmentMutagen
EMS
γ rays
 ± S.E. Shift in Mean S.D. C.V.(%) L.S.D. 
± S.E. Shift in Mean S.D. C.V.(%) L.S.D.
Control 4.08 ± 0.23 - 0.87 21.42 5.10 ± 0.30 - 1.15 22.51
0.1% 4.43 ± 0.47 0.35 1.81 40.86 5.29 ± 0.46 0.19 1.76 33.35
0.2% 5.71** ± 0.55 1.63 2.12 37.24 6.84** ± 0.40 1.74 1.54 22.45
0.4% 5.26* ± 0.42 1.18 1.61 30.60 5% = 1.15 6.66** ± 0.47 1.56 1.82 27.38 5% = 1.17
0.6% 5.24* ± 0.42 1.16 1.64 31.41 1% = 1.52 6.35* ± 0.40 1.25 1.56 24.63 1% = 1.55
0.8% 3.76 ± 0.34 -0.32 1.30 34.63 6.43* ± 0.45 1.33 1.72 26.83
1.0% 3.81 ± 0.36 -0.27 1.40 36.84 5.53 ± 0.42 0.43 1.64 29.60
15kR 5.72** ± 0.52 1.64 2.03 35.50 7.06** ± 0.57 1.96 2.20 31.16
30kR 5.69** ± 0.32 1.61 1.24 21.73 6.58* ± 0.45 1.48 1.75 26.58
45kR 5.18* ± 0.46 1.10 1.76 34.02 5% = 1.07 6.37* ± 0.46 1.27 1.80 28.18 5% = 1.24
60kR 5.21* ± 0.40 1.13 1.55 29.67 1% = 1.42 4.71 ± 0.41 -0.39 1.61 34.11 1% = 1.64
75kR 4.25 ± 0.35 0.17 1.37 32.20 4.69 ± 0.38 -0.41 1.49 31.74
90kR 3.58 ± 0.32 -0.50 1.23 34.39 3.85* ± 0.46 -1.25 1.77 46.08
45kR+0.1% 4.26 ± 0.26 0.18 1.00 23.48 4.59 ± 0.40 -0.51 1.55 33.80
45kR+0.2% 5.53** ± 0.51 1.45 1.98 35.79 5% = 1.06 6.25* ± 0.40 1.15 1.56 25.02 5% = 1.08
45kR+0.4% 5.14 ± 0.34 1.06 1.31 25.51 1% = 1.40 5.55 ± 0.46 0.45 1.78 31.98 1% = 1.43
45kR+0.6% 3.76 ± 0.45 -0.32 1.76 46.78 4.01* ± 0.33 -1.09 1.30 32.26
*Significant at 5% level, **Significant at 1% level
γ rays + 
EMS
Var. Mayuri Var. Niharika
Table 41: Estimates of mean ( ), shift in mean, standard deviation (S.D.) and coefficient of variation (C.V.) for seed yield per 
plant (g) in Plantago ovata  Forsk. vars. Mayuri and Niharika in M2 generation
TreatmentMutagen
EMS
γ rays
 Graph 7: Effect of mutagenic treatments on seed germination (%) (in laboratory 
and in field conditions) in Plantago ovata Forsk. vars.  Mayuri and Niharika in M2 
generation 
 
Graph 8: Effect of mutagenic treatments on pollen fertility (%) in Plantago ovata 
Forsk. vars.  Mayuri and Niharika in M2 generation 
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 Graph 9: Effect of mutagenic treatments on plant survival (%) in Plantago ovata 
Forsk. vars.  Mayuri and Niharika in M2 generation 
 
Graph 10: Frequency of chlorophyll mutations induced by the different mutagenic 
treatments in Plantago ovata Forsk. vars.  Mayuri and Niharika in M2 generation 
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Graph 11: Frequency (based on pooled mean values) of different chlorophyll 
mutation types induced by EMS, gamma rays and their combination treatments in 
Plantago ovata Forsk. vars.  Mayuri and Niharika in M2 generation 
 
(a) Var. Mayuri                                                           (B) Var. Niharika 
Graph 12: Comparative frequency of total chlorophyll mutations induced by EMS, 
gamma rays and their combination treatments in Plantago ovata Forsk. vars.  
Mayuri and Niharika in M2 generation 
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 Graph 13: Total frequency of meiotic aberrations induced by the mutagenic 
treatments in Plantago ovata Forsk. vars.  Mayuri and Niharika in M2 generation 
 
                      (a) Var. Mayuri                                        (b) Var. Niharika 
Graph 14: Frequency of different morphological mutation types induced by EMS, 
gamma rays and their combination treatments in Plantago ovata Forsk. vars.  
Mayuri and Niharika in M2 generation 
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Graph 15: Frequency of all the morphological mutations types induced by EMS, 
gamma rays and their combination treatments in Plantago ovata Forsk. vars.  
Mayuri and Niharika in M2 generation 
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Graph 16: Comparative frequency of total morphological mutations induced by 
EMS, gamma rays and their combination treatments in Plantago ovata Forsk. vars.  
Mayuri and Niharika in M2 generation 
 
Graph 17: Effect of mutagenic treatments on seed germination (%) (in laboratory 
and in field conditions) in Plantago ovata Forsk. vars.  Mayuri and Niharika in M3 
generation 
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4.3. Studies in M3 generation 
4.3.1. Seed germination 
Data recorded on seed germination in control as well as in treated populations of both 
the varieties in laboratory and in field conditions are presented in Table 42. A dose dependent 
decrease in seed germination and increase in inhibition percentage was reported in both the 
varieties in individual as well as in combination treatments in M3 generation also. Highest 
mutagenic treatments showed the maximum inhibition in germination and combination 
treatments were continued to be the most effective in both the varieties as indicate by the 
pooled mean values with respect to inhibition percentage. The order of effectiveness was γ 
rays+EMS > EMS > γ rays in var. Mayuri and γ rays+EMS > γ rays > EMS in var. Niharika 
in laboratory as well as in field conditions. The extent of inhibition was continued to be low 
in M3 generation also, as compared to M1 and M2 generations, indicating the decrease in 
mutagenic effect in successive generations (Graph 17). 
Coefficient of interaction for combination treatments was less than additive for all the 
combinations except 45kR+0.6%, which showed some synergistic effect in both the varieties 
in laboratory as well as in field conditions. Combination treatment of 45kR+0.4% also 
showed synergistic effect in var. Niharika in field condition. 
4.3.2. Pollen fertility 
Data on pollen fertility are presented in Table 43 for var. Mayuri and var. Niharika. 
Like seed germination, pollen fertility was also continued to show dose dependent decrease in 
mutagenic treatments in both the varieties, but the sterility was less as compared to the earlier 
generations (Graph 18). Combination treatments were again found to be the most effective 
with respect to pollen sterility than the individual mutagenic treatments in both the varieties 
as indicate by the pooled mean values and the order of the effectiveness was γ rays+EMS > γ 
rays > EMS for both the varieties in this regard. 
Coefficient of interaction for all the combination treatments was less than additive in 
both the varieties with a single exception of 45kR+0.6% combination in var. Niharika, for 
which little synergistic effect was noticed. 
4.3.3. Plant survival 
Data on plant survival at the time of maturity in both the varieties are presented in 
Table 44. Survival of plants too, was continued to be decrease in both the varieties in M3 
generation also, but the lethality was comparatively less than the earlier generations (Graph 
19). Like M1 and M2 generations, maximum lethality was noticed at the highest 
concentration/dose of the mutagens in both the varieties. Combination treatments continued to 
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be the most effective than the individual mutagenic treatments with regard to lethality in both 
the varieties and the order of effectiveness was γ rays+EMS > EMS > γ rays and γ rays+EMS 
> γ rays > EMS for var. Mayuri and var. Niharika respectively, as shown by the pooled mean 
values for lethality percentage. 
Coefficient of interaction showed lees than additive effects for all the combination 
treatments in both the varieties with a single exception of 45kR+0.6% combination in var. 
Mayuri, at which quite synergistic effects was noticed. 
4.3.4. Cytological observations 
Like previous generations (M1 and M2), cytological studies were also carried out in 
control as well as in treated population in both the varieties in M3 generation. Types of 
meiotic aberrations noticed in the M3 generation were similar as in the earlier generations, the 
difference was only in the frequency of total aberrations induced by the mutagenic treatments 
in both the varieties. In M3 generation also, frequency of total meiotic aberrations was 
continued to be low as compared to M1 and M2 generations. Spectrum and frequency of 
meiotic aberrations induced by the mutagens in var. Mayuri and var. Niharika are presented in 
the Tables 45 and 46. As shown in the tables, similar to the earlier generations, a dose 
dependent increase in the meiotic aberrations with the increasing concentrations/doses of the 
mutagens was noticed in both the varieties (Graph 20). Frequency of meiotic aberrations was 
more in var. Mayuri than the var. Niharika. Combination treatments was noticed to be the 
most effective than the individual mutagenic treatments with this respect, as evident from the 
pooled mean values and the order of effectiveness was γ rays+EMS > γ rays > EMS for both 
the varieties. Frequency of meiotic aberrations was the maximum at metaphase stage followed 
by the anaphase and telophase stages (Table 47). Among all the meiotic aberrations at 
metaphase, anaphase and telophase stages cytomixis was continued to be the most common 
aberration at all the divisional stages in both the varieties. 
4.3.5. Quantitative traits  
Results on the effect of EMS, γ rays and their combination treatments on various 
quantitative traits in control as well as in treated populations of both the varieties in M3 
generation are presented in Tables 48 to 55.  
1. Days to flowering 
Data recorded on days to flowering are given in Table 48. Mean values for days to 
flowering were shifted in negative direction in almost all the mutagenic treatments except at 
some higher treatments of mutagens in both the varieties. 
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The mean values reduced significantly by 2-5 days in var. Mayuri and 2-4 days in 
var. Niharika in the treated populations. Significant reduction in the mean values at 1% level 
was noticed at 0.2%, 0.4% EMS; 15kR, 30kR γ rays and 45kR+0.2% combination treatments 
in var. Mayuri, while the reduction was significant at 5% level for 0.1% EMS; 45kR, 60kR, 
75kR γ rays; 45kR+0.1% and 45kR+0.4% combination treatments in this variety. EMS 
treatment of 1.0% significantly increased the mean value at 5% level in var. Mayuri. In case 
of var. Niharika also 0.2 %, 0.4% EMS; 15kR, 30kR γ rays and 45kR+0.2% combination 
treatments significantly reduced the mean values at 1% level, whereas45kR γ rays and 
45kR+0.4% combination treatment recorded significant increase in mean value at 5% level, 
while 1.0% EMS treatment significantly increase the mean value at 5% level in this variety 
also. 
Among all the treatments of EMS and combinations, maximum reduction in mean 
value was noticed at 0.4% EMS treatment and 45kR+0.2% combination treatment in both the 
varieties. In case of γ rays treatments 30kR dose in var. Mayuri and 15kR dose in var. 
Niharika showed the highest reduction in mean as compared with their respective controls. 
Maximum C.V. values noticed in the mutagenic treatment were 3.47% (0.6% EMS), 
4.03% (30kR γ rays) and 3.38% (45kR+0.4% combination) in var. Mayuri, whereas in var. 
Niharika these values were 4.07% (0.6% EMS), 3.41% (30kR γ rays) and 4.90% (45kR+0.4% 
combination). 
2. Plant height (cm) 
Data on plant height are presented in Table 49. Mean values for plant height were 
shifted towards the positive directions in most of the mutagenic treatments, however some 
negative shift were also noticed at higher treatments in both the varieties. Combination 
treatment of 45kR+0.1% in var. Mayuri and 0.1% EMS treatment in var. Niharika also 
showed slight negative shift in mean plant height. 
Mean values increased significantly at 5% level in 0.2% EMS; 15kR, 45kR γ rays and 
45kR+0.2% combination treatment in var. Mayuri, while 0.4% EMS and 30kR γ rays 
treatments reported significant increase in mean values at 1% level. EMS treatment of 1.0% 
and combination treatment of 45kR+0.6% significantly decreased the mean value at 1% and 
5% levels respectively in this variety. In case of var. Niharika, mean values increased 
significantly at 1% level in 0.4% EMS; 15kR, 30kR γ rays and 45kR+0.2% combination 
treatments. EMS treatment of 0.2% and 45kR+0.4% combination treatments significantly 
increased the mean at 5% level, while decrease in the mean value at 90kR γ rays and 
45kR+0.6% combination treatments was found to be significant at 1% and 5% levels 
respectively. 
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Maximum increase in the mean values was noticed at 0.4% EMS and 45kR+0.2% 
combination treatments in both the varieties. Among the γ rays treatments, maximum mean 
values were noticed at 30kR and 15kR γ rays treatments in var. Mayuri and var. Niharika 
respectively. 
Maximum C.V. values were noticed at 1.0% EMS (8.02%), 90kR γ rays (7.53%) and 
45kR+0.4% combination (8.00%) treatments in var. Mayuri, whereas in var. Niharika 0.1% 
EMS (8.07%), 90kR γ rays (7.29%) and 45kR+0.2% combination (7.78%) treatments induced 
the maximum C.V. values. 
3. Days to maturity 
Data recorded on days to maturity are shown in Table 50. Mean values for days to 
maturity showed the negative shifts in all the mutagenic treatments with few exceptions at 
higher treatments in var. Niharika. 
Significant reduction in mean values by 2-7 days was observed in the mutagenic 
treatments in both the varieties. Reduction in mean value was found to be significant at 1% 
level in almost of all the mutagenic treatments except 1.0% EMS and 45kR+0.6% 
combination treatments, while significant decrease at 5% level was noticed with the 90kR γ 
rays treatment in var. Mayuri. In var. Niharika also, all the reduction in mean value were 
significant at 1% level at almost all the treatments except 0.1% EMS, 60kR γ rays and 
45kR+0.1% combination treatments, which significantly decrease the mean value at 5% level. 
Among the mutagenic treatments maximum reduction in mean values was noticed at 
0.4% EMS, 30kR γ rays and 45kR+0.2% combination treatments in both the varieties.  
Maximum C.V. values were noticed at 0.4% EMS (2.43%), 15kR γ rays (2.48%) and 
45kR+0.6% combination (2.53%) treatments in var. Mayuri, while in var. Niharika these 
values were 2.32%, 2.29% and 2.13% at 1.0% EMS, 45kR γ rays and 45kR+0.1% 
combination treatments respectively. 
4. Number of tillers per plant 
Results obtained on number of tillers per plant are given in Table 51. Mean values for 
number of tillers per plant shifted towards the positive side in all the mutagenic treatments in 
both the varieties with the exception of 45kR+0.6% combination treatment in var. Mayuri and 
1.0% EMS treatment in var. Niharika. 
Significant increase in mean values at 1% level was noticed with 0.2%, 0.4%, 0.8% 
EMS; 15kR, 30kR γ rays and 45kR+0.2%, 45kR+0.4% combination treatments in var. 
Mayuri, whereas  significant increase the mean values at 5% level was reported at 0.1%, 0.6% 
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EMS; 45kR, 60kR γ rays and 45kR+0.1% combination treatments in this variety. In case of 
var. Niharika, increase in mean was noticed to be significant at 1% level for 0.2%, 0.6% 
EMS; 15kR, 30kR γ rays and 45kR+0.2% combination treatments, while 0.4% EMS, 45kR γ 
rays and 45kR+0.4% combination treatments reported significant increase over control at 5% 
level. 
Maximum increase in the mean values was noticed at 0.2% EMS, 15kR γ rays and 
45kR+0.2% combination treatments in both the varieties. 
Among the mutagenic treatments C.V. was maximum at 0.4% EMS (20.50%), 45kR 
γ rays (21.30%) and 45kR+0.6% combination (20.94%) in var. Mayuri, whereas in var. 
Niharika, these treatments were 0.2% EMS (21.76%), 75kR γ rays (21.81%) and 45kR+0.2% 
combination (23.62%).. 
5. Number of spikes per plant 
Data recorded on number of spikes per plant are presented in Table 52. Mean values 
were shifted towards the positive directions, in almost all the mutagenic treatments with few 
exceptions in both the varieties. 
Mean values increased significantly at 1% level in all the mutagenic treatments 
except 0.1% EMS treatment which showed significant increase in mean value at 5% level in 
var. Mayuri. In var. Niharika also, all the increase in mean values were found to be significant 
at 1% level with a single exception of 0.1% EMS, at which the increase in mean was non-
significant. Significant decrease in mean value at 1% level was noticed at 90kR γ rays and 
45kR+0.1%, 45kR+0.6% combination treatments in this variety. 
Maximum increase in mean values was noticed at 0.2% EMS, 15kR γ rays and 
45kR+0.2% combination treatments in both the varieties. 
The most effective treatments with respect to increase in C.V. were 1.0% EMS 
(5.07%), 90kR γ rays (5.55%) and 45kR+0.6% combination treatment (5.86%) in var. 
Mayuri, while in var. Niharika C.V. was maximum at 0.1% EMS (5.82%), 90kR γ rays 
(6.66%) and 45kR+0.6% combination treatment (7.11%). 
6. Spike length (cm) 
Observations recorded on spike length are presented in Table 53. Mean values for 
spike length were shifted towards the positive direction in all the mutagenic treatments in 
both the varieties except 1.0% EMS treatment in var. Niharika, which showed quite negative 
shift in mean. 
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In var. Mayuri 0.2%, 0.4%, 0.6%, 0.8% EMS; 15kR, 30kR, 60kR γ rays and 
45kR+0.2%, 45kR+0.4% combination treatments showed the significant increase in mean 
values at 5% level. No significant increase at 1% level was noticed in var. Mayuri. In case of 
var. Niharika, significant increase at 5% level was noticed with 0.1%, 0.4% EMS; 30kR, 
45kR γ rays and 45kR+0.2% combination treatments, whereas 0.2% EMS, 15kR γ rays and 
45kR+0.4% combination treatments induced significant increase in mean value at 1% level. 
Maximum increase in spike length was observed at 0.4% and 0.2% EMS in var. 
Mayuri and var. Niharika respectively, whereas 15kR γ rays and 45kR+0.4% combination 
treatments induced the highest increase in mean values in both the varieties. 
Highest C.V. values noticed in var. Mayuri were 22.44% (0.1% EMS), 24.24% (15kR 
γ rays) and 23.34% (45kR+0.2%), whereas in var. Niharika these values were 21.73% (0.6% 
EMS), 24.09% (60kR γ rays) and 23.29% (45kR+0.6% combination). 
7. 1000-seed weight (g) 
Data recorded for 1000-seed weight are shown in Table 54. Mean values for 1000-
seed weight were shifted towards the positive side in all the lower and intermediate treatments 
of mutagens when applied individually and in all the combination treatments in both the 
varieties. Higher treatments of individual mutagens still showed the negative shifts in mean 
values in both the varieties. 
Significant increase in mean value at 1% level was noticed at 0.2%, 0.4%, 0.6% 
EMS; 15kR, 30kR γ rays and 45kR+0.2%, 45kR+0.4%, 45kR+0.6% combination treatments 
in var. Mayuri,  whereas 0.1% EMS; 45kR γ rays and 45kR+0.1% combination treatments 
showed significant increase in mean values at 5% level in this variety. Most of the increase in 
mean values was also found to be significant at 1% level in var. Niharika except 0.1% EMS 
treatment, which significantly increased the mean value at 5% level and45kR γ rays for which 
the increase was non significant. Decrease in the mean values at 1.0% EMS treatment was 
found to be significant at 5% level in var. Niharika. 
Maximum increase in mean values was noticed at 0.4% and 0.2% EMS treatments in 
var. Mayuri and var. Niharika respectively, while 30kR γ rays and 45kR+0.2% combination 
treatments in both the varieties showed maximum increase in mean values. 
Most effective treatments with respect to increase in C.V. values were 0.1% EMS 
(7.93%), 15kR γ rays (8.39%) and 45kR+0.2% combination (7.38%) in var. Mayuri, while in 
var. Niharika these treatments were 0.6% EMS (8.23%), 30kR γ rays (8.08%) and 
45kR+0.1% combination (7.79%) treatments. 
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8. Seed yield per plant (g) 
Data recorded on seed yield per plant are shown in Table 55. Positive shift in mean 
values was noticed in all the mutagenic treatments with some exceptions at higher 
concentrations/doses in both the varieties. 
Increase in mean was found to be significant at 1% level for 0.2%, 0.4%, 0.6% EMS; 
15kR, 30kR γ rays and 45kR+0.2%, 45kR+0.4% combination treatments in var. Mayuri, 
whereas 0.8% EMS; 45kR, 60kR, 75kR γ rays and 45kR+0.1% combination treatments 
significantly increase the mean at 5% level in this variety. In case of var. Niharika significant 
increase at 1% level was noticed in 0.2%, 0.4% EMS and 15kR, 30kR, 60kR γ rays 
treatments, while 0.6%, 0.8% EMS; 45kR γ rays and 45kR+0.2%, 45kR+0.4% combination 
treatments significantly increase the mean values at 5% level. 
Maximum increase in mean seed yield per plant was observed at 0.2% EMS; 15kR γ 
rays and 45kR+0.2% combination treatments in both the varieties. 
C.V. value was maximum at 0.8% EMS (27.08%), 75kR γ rays (24.64%) and 
45kR+0.6% combination treatment (26.46%) in var. Mayuri, whereas in var. Niharika these 
treatments were 0.4% EMS (25.29%), 60kR γ rays (26.22%) and 45kR+0.6% combination  
(26.84%). 
4.3.6. Identifying and selection of high yielding mutants 
The details of the mutants isolated in both the varieties on the basis of their yield 
performance in M3 generation as compared to their respective controls are given in the Table 
56 (Plate 20 to 23, Fig. 136 to 149). 
Since yield per plant is the most desirable character, certain mutants which were 
distinctly much superior over the others with regard to seed yield per plant were selected in 
M2 generation and grown in plant progeny rows in M3 generation and were evaluated not only 
for the seed yield and its contributing traits such as tillers per plant, spikes per plant, spike 
length (cm), and 1000-seed weight (g) but also for its quality parameters such as husk content 
per plant (g), swelling factor (ml/g) and mucilage content (mg). The frequency of occurrence 
of such mutants was rather low, considering the large size of the M2 population. 
4.3.6.1. Cytological observations 
The cytological studies of isolated mutants of vars. Mayuri and Niharika showed 
more or less similar meiotic aberrations, but in very low frequency. Most of the chromosomal 
aberrations that were noticed in treated populations in M1, M2 and M3 generations were also 
observed in the isolated mutants of both the varieties but the frequency of these chromosomal 
aberrations were comparatively very less than the frequency of chromosomal aberrations 
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recorded in the treated populations in different generations. The spectrum and frequency of 
meiotic aberrations observed in the mutants isolated in M3 generation of vars. Mayuri and  
Niharika are presented in Table 57.  
As shown in Table 57 and Graph 21, among the mutants isolated from var. Mayuri, 
maximum frequency of meiotic aberrations was noticed in Ma-D (4.63%) followed by Ma-H 
(4.55%), Ma-B (4.54%), Ma-F (4.28%), Ma-C (3.98%), Ma-G (3.82%), Ma-A (3.58%) and 
the minimum in mutant Ma-E (2.35%), while in var. Niharika maximum meiotic aberrations 
were observed in mutant Ni-A (4.53%) followed by Ni-C (4.48%), Ni-D (3.66%), Ni-F 
(3.54%), Ni-E (2.76%) and the minimum in Ni-B (2.71%). 
In general, stickiness/clumping, stray bivalents, unorientation (at metaphase I/II), 
laggards (at anaphase I/II), micronuclei, disturbed polarity and multinucleate condition (at 
telophase I/II) were the most frequently occurring meiotic aberrations noticed in almost all the 
isolated mutants of both the varieties, although, in very low frequency, whereas, fragments, 
laggards, bridges, non-synchronisation (at metaphase I/II), stickiness/clumping, forward 
movement, tripolarity (at anaphase I/II), laggards, fragments, tripolarity, non-synchronisation 
and cytomixis (at telophase I/II) were  the least common or occasionally found aberrations in 
the isolated mutants. The rest of the aberrations such as univalents, multivalents, secondary 
association, precocious separation, cytomixis (at metaphase I/II), bridges, unequal separation, 
fragments, disturbed polarity, multipolarity, non-synchronisation, cytomixis (at anaphase I/II) 
and bridges (at telophase I/II) were recorded in some mutants but were absent in the others. 
4.3.6.2. Studies on seed yield and its contributing traits 
Isolated mutants were evaluated for number of tillers per plant, number of spikes per 
plant, spike length (cm), 1000-seed weight (g) and seed yield per plant (g) in M3 generation. 
Data on mean values, standard error, shift in mean, standard deviation, coefficient of variation 
and least significant difference at 1% and 5% level for these traits of isolated mutants and 
their respective controls are given in Tables 58 to 62. 
1. Number of tillers per plant 
Data on number of tillers per plant in isolated mutants and their respective controls 
are shown in Table 58. Mean values for tillers per plant were increased significantly at 1% 
level in almost all the mutants of both the varieties except Ma-H mutant of var. Mayuri and 
Ni-E mutant of var. Niharika, in which the increase in mean was found to be significant at 5% 
level. No significant increase in the mean values was noticed in Ma-F mutant of var. Mayuri. 
The maximum increase in the mean value was noticed in Ma-D mutant (9.20) followed by 
Ma-G (9.07) of var. Mayuri, while in var. Niharika Ni-D mutant showed the maximum 
increase in mean value (8.40) followed by Ni-F (8.20). 
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C.V. was increased in all the mutants except Ma-A of var. Mayuri which showed 
quite low C.V. value as compared to control. Maximum C.V. value was noticed for Ma-F 
mutant (26.75%) of var. Mayuri and among the mutants isolated from var. Niharika, it was 
the maximum in Ni-E (19.93%) as compared to their respective controls. 
2. Number of spikes per plant 
Data recorded on number of spikes per plant in the isolated mutants and their controls 
are presented in Table 59. A considerable and significant increase in mean values at 1% level 
was noticed in all the mutants of both the varieties with respect to their controls. Maximum 
increase in the mean values was noticed for Ma-G mutant (147.13) of var. Mayuri and Ni-D 
mutant (151.87) of var. Niharika, while Ma-F mutant of var. Mayuri and Ni-E mutant of var. 
Niharika showed the minimum increase in mean values i.e., 88.67 and 82.40 respectively. 
C.V. was increased in almost all the mutants in var. Mayuri (except Ma-G), while in 
var. Niharika it was increase in only Ni-B, Ni-C and Ni-E, others showed a little low C.V. 
values. C.V. was the maximum in Ma-F (4.30%) and Ni-B (4.85%) mutants of var. Mayuri 
and var. Niharika respectively. 
3. Spike length (cm) 
Data recorded on spike length (cm) for the isolated mutants of both the varieties and 
their controls are presented in Table 60. Although mean values were increased in all the 
mutants, significant increase in mean values was noticed for Ma-A, Ma-C and Ma-D mutants 
at 5% level, while Ma-E and Ma-H mutants of var. Mayuri showed the significant increase in 
mean values at 1% level. Ni-B, Ni-C, Ni-D and Ni-E mutants isolated from var. Niharika 
showed the significant increase in mean values at 1% level. No significant increase in mean 
was noticed in Ni-A and Ni-F mutants of this variety. Maximum increase in the mean values 
was observed for Ma-H (5.44) and Ni-E (7.41) mutants isolated from var. Mayuri and var. 
Niharika respectively. 
C.V. was increased in all the mutants with respect to their respective controls. 
Maximum C.V. was noticed for Ma-E (27.32%) and Ni-F (26.22%) mutants among the all the 
mutants of each variety. 
4. 1000-seed weight (g) 
Data recorded for 1000-seed weight (g) for the isolated mutants of both the varieties 
and their controls are summarized in Table 61. Significant increase in the mean values at 1% 
level was noticed for all the mutants of both the varieties with the exceptions of Ma-G and Ni-
F mutants of var. Mayuri and var. Niharika respectively, in which the increase in mean value 
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was found to be non-significant. Maximum increase in mean values was noticed for Ma-F 
(1.40) and Ni-E (1.61) among all the mutants of both the varieties.  
C.V. was increased in all the mutants of var. Mayuri and Niharika except Ma-B and 
Ma-G of var. Mayuri, for which the C.V. was lesser than the control. Maximum C.V. was 
noticed for Ma-H (7.07%) and Ni-F (8.62%) mutants of var. Mayuri and var. Niharika 
respectively. 
5. Seed yield per plant (g) 
Data recorded on seed yield per plant for isolated mutants of both the varieties are 
presented in Table 62. Significant increase in the mean values at 1% level was noticed in all 
the mutants of both the varieties. Maximum increase in yield was noticed for Ma-G (10.67) 
and Ni-D (15.63) among the mutants of var. Mayuri and var. Niharika respectively. 
C.V. was increased over the controls in all the mutants of both the varieties. 
However, it was the maximum in Ma-E (26.92%) and Ni-F mutant (26.15%).  
Generally, all these mutants isolated for a higher seed yield, also showed the higher 
values of the number of tillers per plant and the number of spikes per plant but not necessarily 
the spike length (cm) and 1000-seed weight (g) as compared to the control values. 
4.3.6.3. Estimation of quality parameters 
Since the importance of isabgol lies in the quantity and quality of husk present in it, 
the isolated mutants of both the varieties were also evaluated for husk content (g), swelling 
factor (ml/g) and mucilage content (mg). Quantitatively it was determined simply by the 
weighing of the total husk removed from the seeds of a plant, while the quality evaluation was 
done by the estimating the swelling factor and mucilage content of the seeds. 
Data on mean, standard error, shift in mean, standard deviation, coefficient of 
variation and LSD at 1% and 5% level for the above said parameters of the isolated mutants 
of both the varieties and their respective controls are given in Tables 63 to 65. 
1. Husk content (g) 
Mean values for husk content per plant were increased significantly at 1% level in all 
the isolated mutants of both the varieties as compared to their respective controls (Table 63). 
Maximum increase in mean values were recorded for Ma-G mutant (3.46) followed by Ma-A 
(3.29) of var. Mayuri, while in var. Niharika Ni-D and Ni-A mutants showed the maximum 
increase in mean values i.e., 4.80 and 4.16 respectively. 
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C.V. was increased in all the mutants of both the varieties as compared to control 
values. Maximum value of C.V. was noticed for Ma-A (6.45%) and Ni-B (6.15%) mutants of 
var. Mayuri and var. Niharika respectively. 
2. Swelling factor (ml/g) 
All the mutants showed increase in mean values for swelling factor with an exception 
of Ma-E mutant of var. Mayuri, in which the mean value was slight lower than the control 
value (Table 64). Ma-A and Ma-H mutants of var. Mayuri showed significant increase in 
mean at 5% level, while in Ma-D, Ma-F and Ma-G mean values increased significantly at 1% 
level. All the mutants of var. Niharika showed significant increase in mean values at 1% level 
except Ni-A, in which the increase was significant at 5% level. Maximum increase in mean 
value was noticed for Ma-G (12.25) and Ma-D (12.09) mutants of var. Mayuri, while in var. 
Niharika Ni-B (12.11) and Ni-E (11.96) mutants showed maximum increase in mean values. 
C.V. was increased in all the mutants of both the varieties. Maximum C.V. was 
recorded for Ma-B (5.27%) and Ni-F (4.77%) mutants of var. Mayuri and var. Niharika 
respectively. 
3. Mucilage content (mg) 
Mean values for mucilage content were increased in all the mutants of both the 
varieties, except Ma-C mutant of var. Mayuri (Table 65). Mean values increased significantly 
at 1% level in Ma-A, Ma-B, Ma-D, Ma-F and Ma-H mutants of var. Mayuri, while Ma-G 
mutant showed significant increase in mean at 5% level. In all the mutants of var. Niharika 
mean values increased significantly at 1% level. Maximum increase in mean value was 
noticed for Ma-A (203.60) and Ma-F (202.53) mutants of var. Mayuri, while in var. Niharika 
Ni-E (202.20) and Ni-B (200.47) showed maximum increase in mean values. 
C.V. was increased in all the isolated mutants of both the varieties, as compared to 
the control values. Maximum C.V. was noticed for Ma-A (3.90%) and Ni-F (3.55%) mutants 
of var. Mayuri and var. Niharika respectively. 
Seed 
germination    
(%)
Inhibition  
(%)    k
Seed 
germination    
(%)
Inhibition  
(%)    k
Seed 
germination    
(%)
Inhibition  
(%)    k
Seed 
germination    
(%)
Inhibition  
(%)    k
Control 87.33 - - 86.47 - - 96.00 - - 95.41 - -
0.1% 85.33 2.29 - 86.00 0.54 - 95.33 0.69 - 94.59 0.86 -
0.2% 84.00 3.82 - 84.47 2.31 - 94.67 1.39 - 92.82 2.71 -
0.4% 78.67 9.92 - 77.06 10.88 - 92.00 4.17 - 90.24 5.43 -
0.6% 77.33 11.45 - 75.29 12.93 - 88.67 7.64 - 86.71 9.12 -
0.8% 73.33 16.03 - 72.24 16.46 - 86.00 10.42 - 82.94 13.07 -
1.0% 69.33 20.61 - 69.18 20.00 - 82.67 13.89 - 78.59 17.63 -
Pooled mean 78.00 10.69 77.37 10.52 89.89 6.37 87.65 8.14
15kR 86.67 0.76 - 84.59 2.18 - 94.67 1.39 - 93.18 2.34 -
30kR 85.33 2.29 - 83.06 3.95 - 94.00 2.08 - 87.53 8.26 -
45kR 80.67 7.63 - 79.65 7.89 - 88.67 7.64 - 85.65 10.23 -
60kR 80.00 8.40 - 78.59 9.12 - 87.33 9.03 - 83.65 12.33 -
75kR 76.67 12.21 - 75.76 12.38 - 81.33 15.28 - 75.29 21.09 -
90kR 71.33 18.32 - 70.12 18.91 - 74.67 22.22 - 68.71 27.99 -
Pooled mean 80.11 8.27 78.63 9.07 86.78 9.61 82.33 13.71
45kR+0.1% 83.33 4.58 0.46 82.71 4.35 0.52 94.67 1.39 0.17 87.65 8.14 0.73
45kR+0.2% 80.00 8.40 0.73 78.24 9.52 0.93 89.33 6.94 0.77 85.06 10.85 0.84
45kR+0.4% 74.67 14.50 0.83 75.18 13.06 0.70 85.33 11.11 0.94 77.53 18.74 1.20
45kR+0.6% 69.33 20.61 1.08 67.76 21.63 1.04 76.00 20.83 1.36 72.71 23.80 1.23
Pooled mean 76.83 12.02 75.97 12.14 86.33 10.07 80.74 15.38
k = Coefficient of interaction
Mutagen Treatment
γ rays + 
EMS
Table 42: Effect of EMS, γ rays and their combination treatments on seed germination (in laboratory and in field conditions) in 
Plantago ovata  Forsk. vars. Mayuri and Niharika in M3 generation
EMS
γ rays
Var. Mayuri Var. Niharika
In laboratory In field In laboratory In field
Pollen fertility     
(%)
Sterility            
(%)     k
Pollen fertility     
(%)
Sterility            
(%)     k
Control 88.84 - - 93.06 - -
0.1% 87.63 1.36 - 92.60 0.49 -
0.2% 87.08 1.98 - 90.97 2.25 -
0.4% 83.92 5.54 - 87.62 5.85 -
0.6% 82.76 6.84 - 84.10 9.63 -
0.8% 81.55 8.21 - 83.54 10.23 -
1.0% 69.96 21.25 - 80.37 13.64 -
Pooled mean 82.15 7.53 86.53 7.01
15kR 88.50 0.38 - 87.44 6.04 -
30kR 83.54 5.97 - 86.13 7.45 -
45kR 77.06 13.26 - 84.92 8.75 -
60kR 75.72 14.77 - 84.57 9.12 -
75kR 75.28 15.26 - 80.71 13.27 -
90kR 70.83 20.27 - 77.80 16.40 -
Pooled mean 78.49 11.65 83.60 10.17
45kR+0.1% 85.14 4.16 0.28 89.16 4.19 0.45
45kR+0.2% 79.01 11.06 0.73 85.62 7.99 0.73
45kR+0.4% 72.31 18.61 0.99 82.49 11.36 0.78
45kR+0.6% 71.30 19.74 0.98 74.73 19.70 1.07
Pooled mean 76.94 13.39 83.00 10.81
k = Coefficient of interaction
γ rays + 
EMS
Table 43: Effect of EMS, γ rays and their combination treatments on pollen fertility in Plantago 
ovata  Forsk. vars. Mayuri and Niharika in M3 generation
EMS
γ rays
Var. Mayuri Var. Niharika
Mutagen Treatment
Plant survival     
(%)
Lethality           
(%)     k
Plant survival     
(%)
Lethality           
(%)     k
Control 97.14 - - 92.97 - -
0.1% 95.35 1.85 - 92.41 0.60 -
0.2% 92.48 4.80 - 90.62 2.53 -
0.4% 88.40 9.00 - 87.09 6.32 -
0.6% 84.22 13.30 - 83.18 10.54 -
0.8% 81.92 15.67 - 82.41 11.36 -
1.0% 73.13 24.72 - 79.49 14.50 -
Pooled mean 85.92 11.56 85.87 7.64
15kR 95.83 1.35 - 92.68 0.32 -
30kR 95.33 1.87 - 91.53 1.55 -
45kR 89.51 7.85 - 85.85 7.66 -
60kR 88.17 9.23 - 84.67 8.93 -
75kR 82.30 15.28 - 79.22 14.79 -
90kR 78.52 19.17 - 76.37 17.86 -
Pooled mean 88.28 9.13 85.05 8.52
45kR+0.1% 92.89 4.38 0.45 90.60 2.55 0.31
45kR+0.2% 89.17 8.20 0.65 85.48 8.06 0.79
45kR+0.4% 81.53 16.07 0.95 80.27 13.66 0.98
45kR+0.6% 75.35 22.44 1.06 76.54 17.68 0.97
Pooled mean 84.74 12.77 83.22 10.49
k = Coefficient of interaction
γ rays + 
EMS
Table 44: Effect of EMS, γ rays and their combination treatments on plant survival in Plantago 
ovata  Forsk. vars. Mayuri and Niharika in M3 generation
EMS
γ rays
Var. Mayuri Var. Niharika
Mutagen Treatment
 
Control 546 - - - - - - - - - - - - - - - - - - - - - -
0.1% 537 10 - - - 0.19 - 0.19 0.19 - - - - 0.37 0.19 - - - - - 0.19 - -
0.2% 544 19 - - 0.18 0.37 0.18 0.37 0.18 - - - - 0.37 0.18 - - - - - 0.37 0.18 -
0.4% 469 31 0.21 0.21 0.21 0.43 0.21 0.43 0.21 - - 0.21 - 0.85 0.43 0.21 - - - - 0.43 0.21 -
0.6% 561 49 0.36 0.18 0.36 0.36 0.36 0.53 0.36 0.18 - 0.18 - 0.71 0.36 0.36 0.36 0.18 - 0.18 0.18 0.18 -
0.8% 583 66 0.34 0.17 0.51 0.51 0.34 0.51 0.34 0.34 0.17 0.34 0.17 0.86 0.34 0.34 0.34 0.34 0.17 0.17 0.34 0.34 0.17
1.0% 608 77 0.33 0.33 0.49 0.66 0.33 0.49 0.33 0.33 0.16 0.33 0.33 0.99 0.33 0.49 0.16 0.33 0.16 0.16 0.33 0.33 0.16
Pooled mean 550.33 42.00 0.21 0.15 0.29 0.42 0.24 0.42 0.27 0.14 0.06 0.18 0.08 0.69 0.30 0.23 0.14 0.14 0.06 0.09 0.31 0.21 0.06
15kR 539 18 - 0.19 0.19 0.19 - 0.19 0.19 - - - - 0.56 0.19 0.19 - - - - 0.19 0.19 -
30kR 574 27 - 0.17 0.17 0.35 - 0.35 0.35 - - - - 0.70 0.35 0.17 0.17 0.17 - - 0.35 0.17 -
45kR 565 42 0.18 0.35 0.35 0.53 0.18 0.35 0.35 - - - - 0.71 0.35 0.35 0.18 0.18 0.18 0.18 0.35 0.18 -
60kR 527 51 0.19 0.19 0.38 0.76 0.19 0.38 0.38 0.19 0.19 0.19 0.19 0.76 0.38 0.38 - 0.19 0.19 0.19 0.19 0.38 0.19
75kR 482 57 0.41 0.21 0.62 0.83 0.41 0.83 0.41 0.21 - 0.21 0.21 0.83 0.41 0.21 0.21 0.21 0.21 0.21 0.41 0.41 -
90kR 544 72 0.37 0.37 0.55 0.74 0.55 0.74 0.55 0.37 0.37 0.18 0.37 1.10 0.55 0.37 0.18 0.37 - 0.18 0.55 0.37 0.18
Pooled mean 538.50 44.50 0.19 0.25 0.38 0.56 0.22 0.47 0.37 0.13 0.09 0.10 0.13 0.78 0.37 0.28 0.12 0.19 0.10 0.13 0.34 0.28 0.06
45kR+0.1% 551 45 0.36 0.36 0.18 0.54 0.18 0.36 0.36 0.18 0.18 0.18 - 0.73 0.36 0.18 0.18 0.36 - 0.18 0.18 0.18 -
45kR+0.2% 584 57 0.34 0.51 0.17 0.68 0.17 0.51 0.51 0.34 - 0.17 0.17 0.68 0.34 0.17 0.17 0.34 - 0.34 0.34 0.34 0.17
45kR+0.4% 537 78 0.56 0.56 0.37 0.74 0.37 0.56 0.56 0.37 0.19 0.37 0.19 1.12 0.37 0.56 0.37 0.37 0.19 0.19 0.56 0.37 0.19
45kR+0.6% 577 119 0.52 0.69 0.52 1.04 0.69 0.87 0.87 0.52 0.52 0.52 0.35 1.73 0.69 0.69 0.35 0.52 0.35 0.35 0.87 0.52 0.35
Pooled mean 562.25 74.75 0.45 0.53 0.31 0.75 0.35 0.58 0.58 0.35 0.22 0.31 0.18 1.07 0.44 0.40 0.27 0.40 0.13 0.26 0.49 0.35 0.18
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Table 45: Spectrum and frequency of meiotic aberrations induced by EMS, γ rays and their combination treatments in Plantago ovata  Forsk. var. Mayuri in M3 
generation
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- - - - - - - - - - - -
0.19 - - - - 0.19 0.19 - - - - 1.86
0.18 - - - - 0.37 0.18 0.37 - - - 3.49
0.21 0.43 - - 0.21 0.43 0.43 0.43 - 0.21 - 6.61
0.36 0.71 0.18 - 0.18 0.53 0.36 0.36 0.18 0.18 0.36 8.73
0.17 1.03 0.17 0.34 0.17 0.34 0.34 0.34 - 0.17 1.03 11.32
0.33 1.32 0.16 0.33 0.33 0.33 0.33 0.16 0.33 0.33 1.15 12.66
0.24 0.58 0.09 0.11 0.15 0.36 0.30 0.28 0.08 0.15 0.42 7.45
- 0.37 - - - 0.19 0.19 0.19 - 0.19 - 3.34
0.17 - - - - 0.35 0.35 0.17 - 0.17 - 4.70
0.18 0.35 - 0.18 0.18 0.35 0.35 0.35 - 0.18 0.35 7.43
0.19 0.76 - 0.38 0.19 0.38 0.38 0.38 - 0.19 0.76 9.68
0.41 0.83 0.21 0.41 0.21 0.62 0.41 0.41 0.21 0.21 0.41 11.83
0.37 0.74 0.18 0.37 0.37 0.55 0.37 0.37 0.18 - 0.74 13.24
0.22 0.51 0.07 0.22 0.16 0.41 0.34 0.31 0.07 0.16 0.38 8.37
0.36 0.54 - 0.18 0.18 0.36 0.36 0.18 - - 0.73 8.17
0.34 0.68 0.17 0.34 0.17 0.34 0.17 0.17 - 0.17 0.68 9.76
0.37 1.12 0.19 0.37 0.37 0.37 0.56 0.37 0.19 0.37 1.12 14.53
0.52 1.39 0.35 0.52 0.52 0.69 0.52 0.52 0.35 0.35 1.39 20.62
0.40 0.93 0.18 0.35 0.31 0.44 0.40 0.31 0.13 0.22 0.98 13.27
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Control 558 - - - - - - - - - - - - - - - - - - - - - -
0.1% 564 12 - 0.18 0.18 0.18 - 0.18 0.18 - - - - - 0.18 - - - - - 0.18 - -
0.2% 593 17 0.17 0.17 - 0.34 - 0.17 0.17 - - - - 0.34 0.17 - - - - - 0.17 - -
0.4% 538 31 0.19 0.37 0.19 0.37 0.19 0.37 0.19 - - - - 0.74 0.37 0.19 0.19 0.19 - - 0.19 0.19 -
0.6% 556 37 0.18 0.18 0.18 0.36 0.18 0.36 0.18 - - - 0.18 1.08 0.36 0.18 0.18 0.18 - 0.18 0.18 0.18 -
0.8% 544 51 0.18 0.37 0.18 0.55 0.18 0.37 0.37 0.18 - 0.18 0.18 1.10 0.37 0.18 0.18 0.18 0.18 0.18 0.18 0.37 0.18
1.0% 575 65 0.35 0.35 0.52 0.52 0.35 0.52 0.35 0.17 0.17 0.17 0.17 1.04 0.35 0.35 - 0.35 0.17 0.17 0.17 0.35 0.17
Pooled mean 561.67 35.50 0.18 0.27 0.21 0.39 0.15 0.33 0.24 0.06 0.03 0.06 0.09 0.72 0.30 0.15 0.09 0.15 0.06 0.09 0.18 0.18 0.06
15kR 583 15 0.17 0.17 - 0.17 0.17 - - - - - - 0.34 - - - - - - 0.17 0.17 -
30kR 532 23 0.19 0.19 0.19 0.19 0.19 0.19 0.19 - - - - 0.75 0.19 - - - - - 0.19 0.19 -
45kR 477 32 0.42 0.21 0.42 0.42 0.21 0.21 0.42 0.21 - - - 0.42 0.42 0.21 - 0.21 - 0.21 0.21 0.21 -
60kR 548 41 0.36 0.18 0.18 0.36 0.18 0.36 0.36 0.18 - 0.18 0.18 0.73 0.36 0.18 0.18 0.18 - 0.18 0.18 0.18 0.18
75kR 571 60 0.35 0.35 0.18 0.53 0.35 0.35 0.35 0.18 0.18 0.18 0.35 1.05 0.35 0.35 0.35 0.18 - 0.18 0.35 0.18 0.35
90kR 589 73 0.34 0.51 0.34 0.68 0.34 0.51 0.34 0.34 0.17 0.34 0.34 0.85 0.51 0.34 0.17 0.34 0.34 0.34 0.34 0.34 0.17
Pooled mean 550.00 40.67 0.31 0.27 0.22 0.39 0.24 0.27 0.28 0.15 0.06 0.12 0.15 0.69 0.31 0.18 0.12 0.15 0.06 0.15 0.24 0.21 0.12
45kR+0.1% 542 30 0.18 0.37 0.18 0.37 0.18 0.18 0.37 - - - - 0.74 0.18 0.18 - - - - 0.37 0.37 -
45kR+0.2% 565 42 0.18 0.35 0.35 0.53 0.18 0.35 0.35 0.18 - - - 0.71 0.35 0.18 0.18 0.18 - - 0.35 0.18 -
45kR+0.4% 538 74 0.37 0.56 0.37 0.74 0.37 0.56 0.56 0.37 0.19 0.37 0.19 1.49 0.56 0.37 0.19 0.19 0.19 0.19 0.37 0.37 0.37
45kR+0.6% 574 102 0.35 0.70 0.52 0.87 0.35 0.70 0.52 0.52 0.35 0.35 0.35 1.74 0.52 0.35 0.35 0.35 0.35 0.35 0.52 0.35 0.52
Pooled mean 554.75 62.00 0.27 0.49 0.36 0.63 0.27 0.45 0.45 0.27 0.13 0.18 0.13 1.17 0.40 0.27 0.18 0.18 0.13 0.13 0.40 0.32 0.22
Contd.
Mutagen
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Table 46: Spectrum and frequency of meiotic aberrations induced by EMS, γ rays and their combinatios treatments in Plantago ovata  Forsk. var. Niharika in M3 
generation
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sTotal no. ofabnormal
PMCs
Treatment
Total no. of 
PMCs
observed
Metaphase I/II (%)
- - - - - - - - - - - -
- 0.35 - - - 0.18 0.18 0.18 - - - 2.13
0.17 0.34 - - 0.17 0.17 0.17 0.17 - - - 2.87
0.19 0.37 - - - 0.19 0.37 0.19 - - 0.56 5.76
0.18 0.36 - 0.18 - 0.36 0.36 0.36 - - 0.54 6.65
0.18 0.74 - 0.18 - 0.37 0.37 0.37 0.18 0.18 0.92 9.38
0.35 0.87 0.35 0.17 0.17 0.52 0.52 0.35 0.17 0.17 0.87 11.30
0.18 0.50 0.06 0.09 0.06 0.30 0.33 0.27 0.06 0.06 0.48 6.35
0.17 0.34 - - - 0.17 0.17 - - - 0.34 2.57
0.19 0.56 - - - 0.19 0.19 0.19 - - 0.38 4.32
0.21 0.42 - - - 0.42 0.42 0.21 - 0.21 0.42 6.71
0.18 0.36 0.18 0.18 - 0.36 0.36 0.18 - 0.18 0.55 7.48
0.35 0.70 0.18 0.18 0.18 0.53 0.35 0.35 0.18 0.18 0.70 10.51
0.34 0.85 0.17 0.17 0.17 0.51 0.34 0.51 0.17 0.34 0.85 12.39
0.24 0.54 0.09 0.09 0.06 0.36 0.31 0.24 0.06 0.15 0.54 7.33
0.18 0.37 - - - 0.37 0.18 0.18 - - 0.55 5.54
0.18 0.53 0.18 0.18 0.18 0.35 0.18 0.35 - 0.18 0.53 7.43
0.56 0.74 0.19 0.37 0.19 0.56 0.37 0.37 0.19 0.37 0.93 13.75
0.70 1.22 0.17 0.35 0.35 0.87 0.35 0.52 0.35 0.35 1.57 17.77
0.40 0.72 0.13 0.22 0.18 0.54 0.27 0.36 0.13 0.22 0.90 11.12
Total 
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Telophase I/II (%)
Metaphase I/II 
(%)
Anaphase I/II 
(%)
Telophase I/II 
(%)
Total aberrations 
(%)
Metaphase I/II 
(%)
Anaphase I/II 
(%)
Telophase I/II 
(%)
Total aberrations 
(%)
Control - - - - - - - -
0.1% 0.93 0.56 0.37 1.86 0.89 0.71 0.53 2.13
0.2% 1.65 0.92 0.92 3.49 1.35 0.84 0.67 2.87
0.4% 2.99 1.92 1.71 6.61 2.60 1.86 1.30 5.76
0.6% 3.57 2.85 2.32 8.73 2.88 1.98 1.80 6.65
0.8% 4.63 3.77 2.92 11.32 3.86 2.94 2.57 9.38
1.0% 5.10 4.11 3.45 12.66 4.70 3.30 3.30 11.30
Pooled mean 3.14 2.36 1.95 7.45 2.71 1.94 1.70 6.35
15kR 1.48 1.11 0.74 3.34 1.03 0.86 0.69 2.57
30kR 2.09 1.57 1.05 4.70 2.07 1.32 0.94 4.32
45kR 3.01 2.48 1.95 7.43 2.94 2.10 1.68 6.71
60kR 3.98 3.04 2.66 9.68 3.28 2.19 2.01 7.48
75kR 5.19 3.53 3.11 11.83 4.38 3.33 2.80 10.51
90kR 6.25 3.86 3.13 13.24 5.09 4.07 3.23 12.39
Pooled mean 3.67 2.60 2.10 8.37 3.13 2.31 1.89 7.33
45kR+0.1% 3.63 2.54 2.00 8.17 2.58 1.66 1.29 5.54
45kR+0.2% 4.28 3.25 2.23 9.76 3.19 2.12 2.12 7.43
45kR+0.4% 5.96 4.66 3.91 14.53 6.13 4.09 3.53 13.75
45kR+0.6% 8.84 6.59 5.20 20.62 7.32 5.57 4.88 17.77
Pooled mean 5.68 4.26 3.33 13.27 4.80 3.36 2.96 11.12
γ rays + 
EMS
Table 47: Comparative frequency of meiotic aberrations induced by EMS, γ rays and their combination treatments at different 
divisional stages of meiosis in  Plantago ovata  Forsk. vars. Mayuri and Niharika in M3 generation
EMS
γ rays
Var. Mayuri Var. Niharika
Mutagen Treatment
 ± S.E. Shift in Mean S.D. C.V.(%) L.S.D. 
± S.E. Shift in Mean S.D. C.V.(%) L.S.D.
Control 92.27 ± 0.63 - 2.43 2.64 95.47 ± 0.68 - 2.61 2.74
0.1% 90.20* ± 0.58 -2.07 2.24 2.49 96.13 ± 0.60 0.66 2.33 2.42
0.2% 88.13** ± 0.76 -4.14 2.95 3.35 92.33** ± 0.76 -3.14 2.94 3.19
0.4% 88.00** ± 0.66 -4.27 2.56 2.91 5% = 1.89 92.27** ± 0.83 -3.20 3.20 3.46 5% = 2.22
0.6% 91.13 ± 0.82 -1.14 3.16 3.47 1% = 2.50 94.67 ± 0.99 -0.80 3.85 4.07 1% = 2.94
0.8% 92.07 ± 0.76 -0.20 2.94 3.19 96.20 ± 0.84 0.73 3.26 3.38
1.0% 94.20* ± 0.44 1.93 1.70 1.80 97.80* ± 0.78 2.33 3.00 3.07
15kR 89.27** ± 0.71 -3.00 2.74 3.07 91.53** ± 0.73 -3.94 2.83 3.09
30kR 87.27** ± 0.91 -5.00 3.51 4.03 92.60** ± 0.82 -2.87 3.16 3.41
45kR 89.53* ± 0.68 -2.74 2.61 2.92 5% = 2.08 93.13* ± 0.75 -2.34 2.90 3.11 5% = 2.09
60kR 89.80* ± 0.74 -2.47 2.88 3.21 1% = 2.76 94.20 ± 0.65 -1.27 2.51 2.67 1% = 2.77
75kR 90.07* ± 0.79 -2.20 3.06 3.40 95.93 ± 0.75 0.46 2.89 3.01
90kR 92.40 ± 0.71 0.13 2.75 2.97 96.87 ± 0.83 1.40 3.23 3.33
45kR+0.1% 90.00* ± 0.68 -2.27 2.65 2.94 94.27 ± 0.78 -1.20 3.01 3.19
45kR+0.2% 89.60** ± 0.74 -2.67 2.87 3.21 5% = 2.00 91.60** ± 0.78 -3.87 3.02 3.30 5% = 2.59
45kR+0.4% 89.73* ± 0.78 -2.54 3.03 3.38 1% = 2.65 92.53* ± 1.17 -2.94 4.53 4.90 1% = 3.44
45kR+0.6% 91.87 ± 0.70 -0.40 2.70 2.93 96.00 ± 1.08 0.53 4.19 4.37
*Significant at 5% level, **Significant at 1% level
γ rays + 
EMS
Var. Mayuri Var. Niharika
Table 48: Estimates of mean ( ), shift in mean, standard deviation (S.D.) and coefficient of variation (C.V.) for days to flowering 
in Plantago ovata  Forsk. vars. Mayuri and Niharika in M3 generation
TreatmentMutagen
EMS
γ rays
 ± S.E. Shift in Mean S.D. C.V.(%) L.S.D. 
± S.E. Shift in Mean S.D. C.V.(%) L.S.D.
Control 34.66 ± 0.36 - 1.40 4.05 39.69 ± 0.35 - 1.35 3.40
0.1% 34.68 ± 0.59 0.02 2.28 6.57 39.52 ± 0.82 -0.17 3.19 8.07
0.2% 36.29* ± 0.48 1.63 1.88 5.17 41.64* ± 0.64 1.95 2.47 5.93
0.4% 37.38** ± 0.59 2.72 2.27 6.07 5% = 1.58 42.51** ± 0.87 2.82 3.38 7.95 5% = 1.87
0.6% 35.43 ± 0.51 0.77 1.97 5.55 1% = 2.09 40.06 ± 0.61 0.37 2.35 5.87 1% = 2.48
0.8% 34.07 ± 0.67 -0.59 2.60 7.63 38.51 ± 0.64 -1.18 2.49 6.46
1.0% 32.25** ± 0.67 -2.41 2.59 8.02 38.71 ± 0.60 -0.98 2.33 6.02
15kR 36.60* ± 0.67 1.94 2.58 7.06 42.27** ± 0.74 2.58 2.88 6.81
30kR 37.09** ± 0.53 2.43 2.05 5.54 42.08** ± 0.66 2.39 2.55 6.06
45kR 36.37* ± 0.54 1.71 2.09 5.75 5% = 1.58 40.34 ± 0.60 0.65 2.32 5.74 5% = 1.68
60kR 35.32 ± 0.43 0.66 1.67 4.74 1% = 2.09 39.90 ± 0.45 0.21 1.76 4.41 1% = 2.23
75kR 35.29 ± 0.67 0.63 2.58 7.32 39.93 ± 0.59 0.24 2.29 5.73
90kR 34.25 ± 0.67 -0.41 2.58 7.53 37.33** ± 0.70 -2.36 2.72 7.29
45kR+0.1% 34.58 ± 0.70 -0.08 2.72 7.86 41.35 ± 0.62 1.66 2.42 5.85
45kR+0.2% 36.59* ± 0.63 1.93 2.46 6.72 5% = 1.68 43.17** ± 0.87 3.48 3.36 7.78 5% = 1.86
45kR+0.4% 34.92 ± 0.72 0.26 2.79 8.00 1% = 2.23 41.75* ± 0.58 2.06 2.26 5.42 1% = 2.47
45kR+0.6% 32.67* ± 0.48 -1.99 1.86 5.68 37.62* ± 0.68 -2.07 2.65 7.05
*Significant at 5% level, **Significant at 1% level
γ rays + 
EMS
Var. Mayuri Var. Niharika
Table 49: Estimates of mean ( ), shift in mean, standard deviation (S.D.) and coefficient of variation (C.V.) for plant height (cm) 
in Plantago ovata  Forsk. vars. Mayuri and Niharika in M3 generation
TreatmentMutagen
EMS
γ rays
 ± S.E. Shift in Mean S.D. C.V.(%) L.S.D. 
± S.E. Shift in Mean S.D. C.V.(%) L.S.D.
Control 137.13 ± 0.41 - 1.60 1.17 145.80 ± 0.47 - 1.82 1.25
0.1% 133.20** ± 0.60 -3.93 2.31 1.73 143.73* ± 0.74 -2.07 2.87 1.99
0.2% 133.13** ± 0.58 -4.00 2.23 1.68 140.20** ± 0.42 -5.60 1.61 1.15
0.4% 131.67** ± 0.83 -5.46 3.20 2.43 5% = 1.86 139.13** ± 0.48 -6.67 1.85 1.33 5% = 1.67
0.6% 134.40** ± 0.73 -2.73 2.82 2.10 1% = 2.46 141.60** ± 0.51 -4.20 1.96 1.38 1% = 2.21
0.8% 132.27** ± 0.62 -4.86 2.40 1.82 141.47** ± 0.53 -4.33 2.07 1.46
1.0% 136.33 ± 0.78 -0.80 3.04 2.23 146.27 ± 0.88 0.47 3.39 2.32
15kR 131.20** ± 0.84 -5.93 3.26 2.48 142.20** ± 0.58 -3.60 2.24 1.58
30kR 130.07** ± 0.71 -7.06 2.76 2.12 141.27** ± 0.82 -4.53 3.17 2.25
45kR 133.60** ± 0.67 -3.53 2.61 1.96 5% = 1.84 142.53** ± 0.84 -3.27 3.27 2.29 5% = 1.90
60kR 131.80** ± 0.74 -5.33 2.86 2.17 1% = 2.44 143.80* ± 0.72 -2.00 2.78 1.94 1% = 2.51
75kR 133.27** ± 0.49 -3.86 1.91 1.43 145.93 ± 0.64 0.13 2.49 1.71
90kR 135.27* ± 0.62 -1.86 2.40 1.78 146.13 ± 0.57 0.33 2.20 1.51
45kR+0.1% 134.53** ± 0.65 -2.60 2.50 1.86 143.87* ± 0.79 -1.93 3.07 2.13
45kR+0.2% 132.13** ± 0.65 -5.00 2.53 1.92 5% = 1.89 142.27** ± 0.62 -3.53 2.40 1.69 5% = 1.73
45kR+0.4% 133.73** ± 0.65 -3.40 2.52 1.88 1% = 2.50 143.07** ± 0.51 -2.73 1.98 1.38 1% = 2.30
45kR+0.6% 136.60 ± 0.89 -0.53 3.46 2.53 146.20 ± 0.62 0.40 2.40 1.64
*Significant at 5% level, **Significant at 1% level
γ rays + 
EMS
Var. Mayuri Var. Niharika
Table 50: Estimates of mean ( ), shift in mean, standard deviation (S.D.) and coefficient of variation (C.V.) for days to maturity in 
Plantago ovata  Forsk. vars. Mayuri and Niharika in M3 generation
TreatmentMutagen
EMS
γ rays
 ± S.E. Shift in Mean S.D. C.V.(%) L.S.D. 
± S.E. Shift in Mean S.D. C.V.(%) L.S.D.
Control 5.40 ± 0.24 - 0.91 16.86 5.27 ± 0.21 - 0.80 15.17
0.1% 6.47* ± 0.31 1.07 1.19 18.36 5.60 ± 0.21 0.33 0.83 14.79
0.2% 7.07** ± 0.36 1.67 1.39 19.63 6.47** ± 0.36 1.20 1.41 21.76
0.4% 6.87** ± 0.36 1.47 1.41 20.50 5% = 0.87 6.27* ± 0.30 1.00 1.16 18.56 5% = 0.76
0.6% 6.40* ± 0.31 1.00 1.18 18.49 1% = 1.16 6.40** ± 0.27 1.13 1.06 16.49 1% = 1.01
0.8% 6.60** ± 0.31 1.20 1.18 17.93 5.53 ± 0.26 0.26 0.99 17.90
1.0% 6.27 ± 0.28 0.87 1.10 17.55 5.13 ± 0.26 -0.14 0.99 19.29
15kR 7.47** ± 0.32 2.07 1.25 16.69 6.53** ± 0.27 1.26 1.06 16.23
30kR 6.60** ± 0.31 1.20 1.18 17.93 6.47** ± 0.32 1.20 1.25 19.27
45kR 6.27* ± 0.34 0.87 1.33 21.30 5% = 0.84 6.07* ± 0.21 0.80 0.80 13.17 5% = 0.76
60kR 6.33* ± 0.33 0.93 1.29 20.38 1% = 1.12 5.47 ± 0.29 0.20 1.13 20.59 1% = 1.00
75kR 5.60 ± 0.27 0.20 1.06 18.85 5.80 ± 0.33 0.53 1.26 21.81
90kR 5.53 ± 0.27 0.13 1.06 19.16 5.60 ± 0.24 0.33 0.91 16.25
45kR+0.1% 6.33* ± 0.32 0.93 1.23 19.49 5.87 ± 0.26 0.60 0.99 16.88
45kR+0.2% 7.47** ± 0.35 2.07 1.36 18.16 5% = 0.83 6.33** ± 0.39 1.06 1.50 23.62 5% = 0.79
45kR+0.4% 6.80** ± 0.30 1.40 1.15 16.86 1% = 1.11 6.13* ± 0.27 0.86 1.06 17.28 1% = 1.05
45kR+0.6% 4.93 ± 0.27 -0.47 1.03 20.94 5.33 ± 0.25 0.06 0.98 18.30
*Significant at 5% level, **Significant at 1% level
γ rays + 
EMS
Var. Mayuri Var. Niharika
Table 51: Estimates of mean ( ), shift in mean, standard deviation (S.D.) and coefficient of variation (C.V.) for number of tillers 
per plant in Plantago ovata  Forsk. vars. Mayuri and Niharika in M3 generation
TreatmentMutagen
EMS
γ rays
 ± S.E. Shift in Mean S.D. C.V.(%) L.S.D. 
± S.E. Shift in Mean S.D. C.V.(%) L.S.D.
Control 62.20 ± 0.55 - 2.11 3.39 57.53 ± 0.62 - 2.39 4.15
0.1% 64.73* ± 0.80 2.53 3.10 4.80 58.67 ± 0.88 1.14 3.42 5.82
0.2% 76.27** ± 0.71 14.07 2.76 3.62 77.60** ± 0.86 20.07 3.31 4.27
0.4% 74.80** ± 0.96 12.60 3.71 4.96 5% = 2.33 72.33** ± 0.84 14.80 3.27 4.52 5% = 2.37
0.6% 71.67** ± 0.88 9.47 3.42 4.77 1% = 3.09 70.73** ± 0.75 13.20 2.91 4.12 1% = 3.14
0.8% 73.40** ± 0.93 11.20 3.60 4.91 68.47** ± 0.96 10.94 3.72 5.43
1.0% 69.87** ± 0.91 7.67 3.54 5.07 67.40** ± 0.96 9.87 3.70 5.49
15kR 80.33** ± 0.80 18.13 3.11 3.87 77.13** ± 0.76 19.60 2.92 3.79
30kR 77.93** ± 0.95 15.73 3.67 4.71 75.07** ± 0.74 17.54 2.87 3.82
45kR 72.67** ± 0.72 10.47 2.79 3.85 5% = 2.31 68.53** ± 0.98 11.00 3.80 5.54 5% = 2.30
60kR 74.87** ± 0.87 12.67 3.36 4.48 1% = 3.06 64.40** ± 0.92 6.87 3.58 5.56 1% = 3.04
75kR 71.80** ± 0.87 9.60 3.38 4.71 66.20** ± 0.79 8.67 3.08 4.65
90kR 65.60** ± 0.94 3.40 3.64 5.55 50.27** ± 0.86 -7.26 3.35 6.66
45kR+0.1% 73.60** ± 0.86 11.40 3.33 4.53 53.87** ± 0.89 -3.66 3.44 6.39
45kR+0.2% 82.47** ± 0.96 20.27 3.70 4.49 5% = 2.45 79.53** ± 0.93 22.00 3.58 4.51 5% = 2.39
45kR+0.4% 75.33** ± 0.99 13.13 3.85 5.11 1% = 3.25 71.27** ± 0.80 13.74 3.08 4.32 1% = 3.18
45kR+0.6% 60.40 ± 0.91 -1.80 3.54 5.86 52.73** ± 0.97 -4.80 3.75 7.11
*Significant at 5% level, **Significant at 1% level
γ rays + 
EMS
Var. Mayuri Var. Niharika
Table 52: Estimates of mean ( ), shift in mean, standard deviation (S.D.) and coefficient of variation (C.V.) for number of spikes 
per plant Plantago ovata  Forsk. vars. Mayuri and Niharika in M3 generation
TreatmentMutagen
EMS
γ rays
 ± S.E. Shift in Mean S.D. C.V.(%) L.S.D. 
± S.E. Shift in Mean S.D. C.V.(%) L.S.D.
Control 3.95 ± 0.19 - 0.75 19.09 4.57 ± 0.23 - 0.89 19.44
0.1% 4.29 ± 0.25 0.34 0.96 22.44 5.35* ± 0.27 0.78 1.06 19.88
0.2% 4.67* ± 0.23 0.72 0.89 19.11 5.63** ± 0.31 1.06 1.18 21.03
0.4% 4.78* ± 0.23 0.83 0.89 18.53 5% = 0.66 5.40* ± 0.27 0.83 1.05 19.50 5% = 0.75
0.6% 4.75* ± 0.26 0.80 1.03 21.60 1% = 0.88 5.18 ± 0.29 0.61 1.13 21.73 1% = 0.99
0.8% 4.64* ± 0.24 0.69 0.95 20.38 4.89 ± 0.26 0.32 1.01 20.69
1.0% 4.09 ± 0.24 0.14 0.92 22.40 4.55 ± 0.21 -0.02 0.83 18.16
15kR 4.80* ± 0.30 0.85 1.16 24.24 5.90** ± 0.31 1.33 1.19 20.23
30kR 4.74* ± 0.25 0.79 0.96 20.22 5.60* ± 0.29 1.03 1.13 20.26
45kR 4.17 ± 0.24 0.22 0.94 22.65 5% = 0.70 5.59* ± 0.27 1.02 1.05 18.79 5% = 0.80
60kR 4.68* ± 0.27 0.73 1.04 22.14 1% = 0.92 5.16 ± 0.32 0.59 1.24 24.09 1% = 1.05
75kR 4.25 ± 0.24 0.30 0.92 21.55 5.15 ± 0.28 0.58 1.09 21.12
90kR 3.95 ± 0.23 0.00 0.91 23.00 4.79 ± 0.27 0.22 1.05 22.01
45kR+0.1% 4.29 ± 0.22 0.34 0.84 19.48 4.87 ± 0.26 0.30 1.01 20.79
45kR+0.2% 4.68* ± 0.28 0.73 1.09 23.34 5% = 0.67 5.36* ± 0.27 0.79 1.04 19.32 5% = 0.77
45kR+0.4% 4.81* ± 0.25 0.86 0.97 20.14 1% = 0.90 5.70** ± 0.30 1.13 1.15 20.17 1% = 1.03
45kR+0.6% 4.17 ± 0.24 0.22 0.94 22.54 5.11 ± 0.31 0.54 1.19 23.29
*Significant at 5% level, **Significant at 1% level
γ rays + 
EMS
Var. Mayuri Var. Niharika
Table 53: Estimates of mean ( ), shift in mean, standard deviation (S.D.) and coefficient of variation (C.V.) for spike length (cm) 
in Plantago ovata  Forsk. vars. Mayuri and Niharika in M3 generation
TreatmentMutagen
EMS
γ rays
 ± S.E. Shift in Mean S.D. C.V.(%) L.S.D. 
± S.E. Shift in Mean S.D. C.V.(%) L.S.D.
Control 1.25 ± 0.02 - 0.06 4.88 1.40 ± 0.02 - 0.08 5.63
0.1% 1.32* ± 0.03 0.07 0.10 7.93 1.49* ± 0.03 0.09 0.12 7.79
0.2% 1.38** ± 0.02 0.13 0.10 6.93 1.61** ± 0.03 0.21 0.10 6.40
0.4% 1.39** ± 0.02 0.14 0.10 6.93 5% = 0.06 1.58** ± 0.03 0.18 0.10 6.57 5% = 0.07
0.6% 1.37** ± 0.03 0.12 0.11 7.80 1% = 0.08 1.57** ± 0.03 0.17 0.13 8.23 1% = 0.09
0.8% 1.25 ± 0.01 0.00 0.05 4.28 1.38 ± 0.02 -0.02 0.07 4.90
1.0% 1.19 ± 0.02 -0.06 0.07 5.93 1.32* ± 0.02 -0.08 0.07 5.58
15kR 1.34** ± 0.03 0.09 0.11 8.39 1.51** ± 0.03 0.11 0.11 7.37
30kR 1.37** ± 0.02 0.12 0.08 6.13 1.52** ± 0.03 0.12 0.12 8.08
45kR 1.33* ± 0.03 0.08 0.11 7.96 5% = 0.06 1.47 ± 0.02 0.07 0.09 6.17 5% = 0.07
60kR 1.31 ± 0.02 0.06 0.08 5.98 1% = 0.08 1.40 ± 0.02 0.00 0.08 5.93 1% = 0.09
75kR 1.24 ± 0.02 -0.01 0.06 4.81 1.34 ± 0.03 -0.06 0.10 7.36
90kR 1.19 ± 0.02 -0.06 0.08 6.56 1.33 ± 0.02 -0.07 0.08 5.85
45kR+0.1% 1.33* ± 0.02 0.08 0.09 6.52 1.54** ± 0.03 0.14 0.12 7.79
45kR+0.2% 1.41** ± 0.03 0.16 0.10 7.38 5% = 0.06 1.62** ± 0.03 0.22 0.12 7.38 5% = 0.07
45kR+0.4% 1.36** ± 0.02 0.11 0.08 5.93 1% = 0.08 1.58** ± 0.03 0.18 0.10 6.57 1% = 0.10
45kR+0.6% 1.34** ± 0.02 0.09 0.09 6.57 1.40 ± 0.02 0.00 0.09 6.07
*Significant at 5% level, **Significant at 1% level
γ rays + 
EMS
Var. Mayuri Var. Niharika
Table 54: Estimates of mean ( ), shift in mean, standard deviation (S.D.) and coefficient of variation (C.V.) for 1000-seed weight 
(g) in Plantago ovata  Forsk. vars. Mayuri and Niharika in M3 generation
TreatmentMutagen
EMS
γ rays
 ± S.E. Shift in Mean S.D. C.V.(%) L.S.D. 
± S.E. Shift in Mean S.D. C.V.(%) L.S.D.
Control 4.32 ± 0.24 - 0.94 21.78 5.21 ± 0.28 - 1.08 20.67
0.1% 4.58 ± 0.29 0.26 1.11 24.28 5.60 ± 0.32 0.39 1.24 22.16
0.2% 6.25** ± 0.34 1.93 1.31 21.01 7.15** ± 0.40 1.94 1.55 21.73
0.4% 5.86** ± 0.33 1.54 1.30 22.14 5% = 0.89 7.01** ± 0.46 1.80 1.77 25.29 5% = 1.08 
0.6% 5.75** ± 0.37 1.43 1.43 24.85 1% = 1.18 6.63* ± 0.43 1.42 1.65 24.85 1% = 1.43
0.8% 5.33* ± 0.37 1.01 1.44 27.08 6.55* ± 0.42 1.34 1.64 25.07
1.0% 4.19 ± 0.25 -0.13 0.98 23.41 5.94 ± 0.35 0.73 1.34 22.63
15kR 6.62** ± 0.38 2.30 1.46 22.02 7.42** ± 0.43 2.21 1.68 22.70
30kR 6.02** ± 0.33 1.70 1.27 21.18 7.17** ± 0.44 1.96 1.72 23.96
45kR 5.46* ± 0.34 1.14 1.31 24.03 5% = 0.88 6.64* ± 0.37 1.43 1.45 21.77 5% = 1.09
60kR 5.21* ± 0.27 0.89 1.05 20.17 1% = 1.16 6.72** ± 0.45 1.51 1.76 26.22 1% = 1.44
75kR 5.28* ± 0.34 0.96 1.30 24.64 5.91 ± 0.37 0.70 1.43 24.14
90kR 4.53 ± 0.27 0.21 1.04 22.90 5.18 ± 0.33 -0.03 1.28 24.74
45kR+0.1% 5.37* ± 0.34 1.05 1.34 24.85 5.44 ± 0.34 0.23 1.33 24.40
45kR+0.2% 5.83** ± 0.39 1.51 1.50 25.71 5% = 0.92 6.51* ± 0.43 1.30 1.68 25.75 5% = 1.01 
45kR+0.4% 5.61** ± 0.34 1.29 1.32 23.48 1% = 1.22 6.25* ± 0.37 1.04 1.44 23.01 1% = 1.34
45kR+0.6% 4.35 ± 0.30 0.03 1.15 26.46 4.95 ± 0.34 -0.26 1.33 26.84
*Significant at 5% level, **Significant at 1% level
γ rays + 
EMS
Var. Mayuri Var. Niharika
Table 55: Estimates of mean ( ), shift in mean, standard deviation (S.D.) and coefficient of variation (C.V.) for seed yield per 
plant (g) in Plantago ovata  Forsk. vars. Mayuri and Niharika in M3 generation
TreatmentMutagen
EMS
γ rays
S.No. Mutant Treatment Salient features (Remarks)
1 Ma-A 0.2% EMS More tillers, more spikes (high yielding)
2 Ma-B 0.4% EMS More tillers, more spikes (high yielding)
3 Ma-C 0.6% EMS More tillers, more spikes (high yielding)
4 Ma-D 15kR γ rays More tillers, more spikes (high yielding)
5 Ma-E 30kR γrays More tillers, quite long and more spikes (high yielding)
6 Ma-F 45kR γ rays Semi dwarf (high yielding)
7 Ma-G 45kR+0.2% Combination Spreading growth habit with more tillers and more spikes (high yielding)
8 Ma-H 45kR+0.4% Combination Long spikes (high yielding)
1 Ni-A 0.2% EMS More tillers, more spikes (high yielding)
2 Ni-B 0.4% EMS More spikes (high yielding)
3 Ni-C 0.6% EMS More tillers, quite narrow leaves, long and more spikes (high yielding)
4 Ni-D 15kR γ rays More tillers, more spikes (high yielding)
5 Ni-E 45kR γ rays Long spikes (high yielding)
6 Ni-F 45kR+0.2% Combination More tillers, more spikes (high yielding)
Table 56: Brief description of the mutants isolated in Plantago ovata  Forsk. vars. Mayuri and 
Niharika in M3 generation
Var. Mayuri
Var. Niharika
Ma = Mayuri,  Ni = Niharika
 Control 543 - - - - - - - - - - - - - - - - - - - - - -
1. Ma-A 531 19 0.19 0.19 - 0.38 0.19 0.38 0.19 - - - - - 0.38 0.19 - 0.19 - - - 0.19 -
2. Ma-B 573 26 0.17 0.35 0.17 0.17 - 0.17 0.17 - - - 0.17 0.35 0.17 0.35 0.17 - - - 0.17 - 0.17
3. Ma-C 528 21 - - - 0.38 - 0.19 0.38 0.19 - - - 0.57 0.19 - - 0.19 - 0.19 0.38 0.19 -
4. Ma-D 562 26 0.18 0.18 0.18 0.53 0.18 0.18 0.36 - 0.18 - - - 0.36 0.18 0.18 - - - - 0.36 -
5. Ma-E 554 13 - 0.18 - 0.36 0.18 0.18 - - - - - - - - 0.18 - - - 0.18 0.18 -
6. Ma-F 561 24 0.18 - 0.18 0.36 0.18 0.18 0.18 - - - - 0.36 0.18 0.36 0.18 0.36 - - 0.18 - -
7. Ma-G 524 20 - 0.19 0.19 0.38 - 0.38 - 0.19 - - - - 0.19 0.19 - 0.19 0.19 - 0.38 0.19 -
8. Ma-H 549 25 0.18 0.18 - 0.55 0.18 0.18 0.18 - - - - 0.36 0.36 - - 0.18 - - 0.18 - 0.18
Control 511 - - - - - - - - - - - - - - - - - - - - - -
1. Ni-A 552 25 0.18 0.18 - 0.36 - 0.18 0.18 - - - - 0.54 0.36 - 0.18 - - - 0.18 0.18 -
2. Ni-B 517 14 - - 0.19 0.39 0.19 0.19 0.19 - - - - - 0.19 0.19 0.19 - - - 0.19 - 0.19
3. Ni-C 536 24 0.19 0.19 0.19 0.56 - 0.37 0.19 - - - 0.19 - 0.37 0.19 - 0.19 0.19 - - 0.19 -
4. Ni-D 574 21 - 0.17 - 0.35 0.17 0.17 0.17 - - - - 0.35 0.17 - 0.17 - - 0.17 0.17 0.35 -
5. Ni-E 543 15 - - - 0.37 0.18 0.18 0.37 - - - - - 0.18 0.18 - 0.18 - 0.18 - - 0.18
6. Ni-F 565 20 0.18 0.18 - 0.18 - 0.35 0.18 0.18 - 0.18 - - 0.35 - - 0.18 0.18 - 0.18 - -
Contd.Ma = Mayuri,  Ni = Niharika
Table 57: Spectrum and frequency of meiotic aberrations observed in the mutants isolated in Plantago ovata  Forsk. vars. Mayuri and Niharika in M3 generation
U
ni
va
le
nt
s
M
ul
tiv
al
en
ts
Se
co
nd
ar
y 
as
so
ci
at
io
n
   
 S
tic
ki
ne
ss
/ 
C
lu
m
pi
ng
Pr
ec
oc
io
us
 
se
pa
ra
tio
n
B
ri
dg
es
C
yt
om
ix
isTotal No. of
abnormal
PMCs
Total No. 
of PMCs
observed
Metaphase-I/II AnaphaseI/II
   
 S
tic
ki
ne
ss
/ 
C
lu
m
pi
ng
Fo
rw
ar
d
m
ov
em
en
t
D
ist
ur
be
d
po
la
ri
ty
M
ul
tip
ol
ar
ity
T
ri
po
la
ri
ty
Var. Niharika
Var. Mayuri
Mutant
L
ag
ga
rd
s
B
ri
dg
es
U
ne
qu
al
 
se
pe
ra
tio
n
Fr
ag
tm
en
s
St
ra
y 
bi
va
le
nt
s/ 
ch
ro
m
os
om
es
 U
no
ri
en
ta
tio
n
Fr
ag
tm
en
s
L
ag
ga
rd
s
N
on
-
sy
nc
hr
on
isa
tio
n
- - - - - - - - - - - -
0.19 - - - - 0.19 0.38 0.38 - - - 3.58
0.17 0.35 - 0.17 - 0.17 0.35 0.17 - - 0.35 4.54
- - - - 0.19 0.38 0.19 0.19 - 0.19 - 3.98
- 0.36 0.18 0.18 - 0.18 0.36 0.36 - - - 4.63
0.18 - - - 0.18 0.18 0.18 0.18 - - - 2.35
- - - - 0.18 0.18 0.36 0.18 0.18 - 0.36 4.28
- - 0.19 0.19 - 0.19 0.38 0.19 - - - 3.82
0.18 0.36 - 0.18 - 0.18 0.36 0.36 - 0.18 - 4.55
- - - - - - - - - - - -
0.36 0.36 - 0.18 0.18 0.36 0.36 0.18 - - - 4.53
- - - - - 0.19 0.19 0.19 - - - 2.71
0.19 - - 0.19 - 0.19 0.37 0.19 - - 0.37 4.48
- 0.35 0.17 - - 0.35 0.17 0.17 - - - 3.66
- - - - - 0.18 0.18 - 0.18 0.18 - 2.76
0.35 - - 0.18 - 0.18 0.35 0.18 - - - 3.54
Telophase I/II
D
ist
ur
be
d
po
la
ri
ty
M
ul
tin
uc
le
at
e 
co
nd
iti
on
T
ri
po
la
ri
ty
N
on
-
sy
nc
hr
on
isa
tio
n
C
yt
om
ix
is
L
ag
ga
rd
s
B
ri
dg
es
Fr
ag
tm
en
s Total 
aberrations
(%)
M
ic
ro
nu
cl
ei
C
yt
om
ix
is
N
on
-
sy
nc
hr
on
isa
tio
n
Mutant Treatment  ± S.E. Shift in Mean S.D. C.V.(%) L.S.D.
Mayuri Control 5.40 ± 0.24 - 0.91 16.86
1. Ma-A 0.2% EMS 8.27** ± 0.36 2.87 1.39 16.78
2. Ma-B 0.4% EMS 7.73** ± 0.34 2.33 1.33 17.26
3. Ma-C 0.6% EMS 7.93** ± 0.40 2.53 1.53 19.33
4. Ma-D 15kR γ rays 9.20** ± 0.45 3.80 1.74 18.92
5. Ma-E 30kR γrays 8.60** ± 0.39 3.20 1.50 17.47
6. Ma-F 45kR γ rays 5.73 ± 0.40 0.33 1.53 26.75
7. Ma-G 45kR+0.2% Combination 9.07** ± 0.46 3.67 1.79 19.76
8. Ma-H 45kR+0.4% Combination 6.60* ± 0.32 1.20 1.24 18.82
Niharika Control 5.27 ± 0.21 - 0.80 15.17
1. Ni-A 0.2% EMS 7.27** ± 0.36 2.00 1.39 19.09
2. Ni-B 0.4% EMS 7.07** ± 0.34 1.80 1.33 18.88
3. Ni-C 0.6% EMS 8.13** ± 0.36 2.86 1.41 17.30
4. Ni-D 15kR γ rays 8.40** ± 0.39 3.13 1.50 17.89
5. Ni-E 45kR γ rays 6.53* ± 0.34 1.26 1.30 19.93
6. Ni-F 45kR+0.2% Combination 8.20** ± 0.42 2.93 1.61 19.66
Ma = Mayuri,  Ni = Niharika,  *Significant at 5% level, **Significant at 1% level
Var. Mayuri
Var. Niharika
Table 58: Estimates of mean ( ), shift in mean, standard deviation (S.D.) and coefficient of variation 
(C.V.) for number of tillers per plant of the mutants isolated in Plantago ovata  Forsk. vars. Mayuri and 
Niharika in M3 generation
5% = 1.06        
1% = 1.40
5% = 0.98        
1% = 1.30
Mutant Treatment  ± S.E. Shift in Mean S.D. C.V.(%) L.S.D.
Mayuri Control 62.20 ± 0.55 - 2.11 3.39
1. Ma-A 0.2% EMS 123.33** ± 1.15 61.13 4.47 3.62
2. Ma-B 0.4% EMS 112.40** ± 1.16 50.20 4.50 4.00
3. Ma-C 0.6% EMS 105.80** ± 1.12 43.60 4.33 4.09
4. Ma-D 15kR γ rays 119.60** ± 1.10 57.40 4.26 3.56
5. Ma-E 30kR γrays 108.87** ± 0.98 46.67 3.81 3.50
6. Ma-F 45kR γ rays 88.67** ± 0.98 26.47 3.81 4.30
7. Ma-G 45kR+0.2% Combination 147.13** ± 0.90 84.93 3.48 2.37
8. Ma-H 45kR+0.4% Combination 98.73** ± 1.09 36.53 4.23 4.29
Niharika Control 57.53 ± 0.62 - 2.39 4.15
1. Ni-A 0.2% EMS 134.80** ± 1.30 77.27 5.03 3.73
2. Ni-B 0.4% EMS 91.87** ± 1.15 34.34 4.45 4.85
3. Ni-C 0.6% EMS 97.60** ± 1.06 40.07 4.12 4.22
4. Ni-D 15kR γ rays 151.87** ± 1.28 94.34 4.97 3.27
5. Ni-E 45kR γ rays 82.40** ± 0.98 24.87 3.81 4.63
6. Ni-F 45kR+0.2% Combination 103.33** ± 1.07 45.80 4.15 4.02
Ma = Mayuri,  Ni = Niharika,  **Significant at 1% level
Table 59: Estimates of mean( ), shift in mean, standard deviation (S.D.) and coefficient of variation 
(C.V.) for number of spikes per plant of the mutants isolated in Plantago ovata  Forsk. vars. Mayuri 
and Niharika in M3 generation
Var. Mayuri
Var. Niharika
5% = 2.86         
1% = 3.78
5% = 3.05       
1% = 4.04
Mutant Treatment  ± S.E. Shift in Mean S.D. C.V.(%) L.S.D.
Mayuri Control 3.95 ± 0.19 - 0.75 19.09
1. Ma-A 0.2% EMS 4.93* ± 0.31 0.98 1.22 24.70
2. Ma-B 0.4% EMS 4.72 ± 0.30 0.77 1.15 24.38
3. Ma-C 0.6% EMS 4.83* ± 0.28 0.88 1.07 22.11
4. Ma-D 15kR γ rays 4.85* ± 0.30 0.90 1.16 23.82
5. Ma-E 30kR γrays 5.07** ± 0.36 1.12 1.39 27.32
6. Ma-F 45kR γ rays 4.55 ± 0.25 0.60 0.98 21.66
7. Ma-G 45kR+0.2% Combination 4.77 ± 0.32 0.82 1.25 26.18
8. Ma-H 45kR+0.4% Combination 5.44** ± 0.28 1.49 1.10 20.19
Niharika Control 4.57 ± 0.23 - 0.89 19.44
1. Ni-A 0.2% EMS 5.43 ± 0.31 0.86 1.18 21.80
2. Ni-B 0.4% EMS 5.87** ± 0.34 1.30 1.31 22.40
3. Ni-C 0.6% EMS 6.35** ± 0.35 1.78 1.36 21.36
4. Ni-D 15kR γ rays 5.84** ± 0.31 1.27 1.20 20.58
5. Ni-E 45kR γ rays 7.41** ± 0.38 2.84 1.47 19.81
6. Ni-F 45kR+0.2% Combination 5.20 ± 0.35 0.63 1.36 26.22
Ma = Mayuri,  Ni = Niharika,  *Significant at 5% level, **Significant at 1% level
Table 60: Estimates of mean ( ), shift in mean, standard deviation (S.D.) and coefficient of variation 
(C.V.) for spike length (cm) of the mutants isolated in Plantago ovata  Forsk. vars. Mayuri and 
Niharika in M3 generation
Var. Mayuri
Var. Niharika
5% = 0.82       
1% = 1.08
5% = 0.92       
1% = 1.21
Mutant Treatment  ± S.E. Shift in Mean S.D. C.V.(%) L.S.D.
Mayuri Control 1.25 ± 0.02 - 0.06 4.88
1. Ma-A 0.2% EMS 1.36** ± 0.02 0.11 0.07 5.24
2. Ma-B 0.4% EMS 1.38** ± 0.02 0.13 0.07 4.74
3. Ma-C 0.6% EMS 1.37** ± 0.02 0.12 0.07 4.92
4. Ma-D 15kR γ rays 1.38** ± 0.02 0.13 0.08 5.53
5. Ma-E 30kR γrays 1.35** ± 0.02 0.10 0.07 5.04
6. Ma-F 45kR γ rays 1.40** ± 0.02 0.15 0.08 5.41
7. Ma-G 45kR+0.2% Combination 1.29 ± 0.01 0.04 0.05 4.09
8. Ma-H 45kR+0.4% Combination 1.33** ± 0.02 0.08 0.09 7.07
Niharika Control 1.40 ± 0.02 - 0.08 5.63
1. Ni-A 0.2% EMS 1.58** ± 0.03 0.18 0.11 6.75
2. Ni-B 0.4% EMS 1.54** ± 0.03 0.14 0.11 7.35
3. Ni-C 0.6% EMS 1.52** ± 0.03 0.12 0.12 7.96
4. Ni-D 15kR γ rays 1.56** ± 0.02 0.16 0.09 6.03
5. Ni-E 45kR γ rays 1.61** ± 0.03 0.21 0.11 6.81
6. Ni-F 45kR+0.2% Combination 1.48 ± 0.03 0.08 0.13 8.62
Ma = Mayuri,  Ni = Niharika,  **Significant at 1% level
Table 61: Estimates of mean ( ), shift in mean, standard deviation (S.D.) and coefficient of variation 
(C.V.) for 1000-seed weight (g) of the mutants isolated in Plantago ovata  Forsk. vars. Mayuri and 
Niharika in M3 generation
Var. Mayuri
Var. Niharika
5% = 0.05        
1% = 0.07
5% = 0.08        
1% = 0.10
Mutant Treatment  ± S.E. Shift in Mean S.D. C.V.(%) L.S.D.
Mayuri Control 4.32 ± 0.24 - 0.94 21.78
1. Ma-A 0.2% EMS 10.44** ± 0.60 6.12 2.33 22.32
2. Ma-B 0.4% EMS 8.73** ± 0.53 4.41 2.04 23.37
3. Ma-C 0.6% EMS 8.40** ± 0.55 4.08 2.14 25.45
4. Ma-D 15kR γ rays 9.34** ± 0.57 5.02 2.22 23.78
5. Ma-E 30kR γrays 8.19** ± 0.57 3.87 2.20 26.92
6. Ma-F 45kR γ rays 7.31** ± 0.42 2.99 1.62 22.09
7. Ma-G 45kR+0.2% Combination 10.67** ± 0.62 6.35 2.38 22.35
8. Ma-H 45kR+0.4% Combination 9.27** ± 0.58 4.95 2.26 24.40
Niharika Control 5.21 ± 0.28 - 1.08 20.67
1. Ni-A 0.2% EMS 13.74** ± 0.86 8.53 3.34 24.29
2. Ni-B 0.4% EMS 9.22** ± 0.57 4.01 2.19 23.78
3. Ni-C 0.6% EMS 9.64** ± 0.55 4.43 2.12 22.05
4. Ni-D 15kR γ rays 15.63** ± 0.97 10.42 3.74 23.96
5. Ni-E 45kR γ rays 10.49** ± 0.57 5.28 2.21 21.10
6. Ni-F 45kR+0.2% Combination 8.86** ± 0.60 3.65 2.32 26.15
Ma = Mayuri, Ni = Niharika,  **Significant at 1% level
Table 62: Estimates of mean ( ), shift in mean, standard deviation (S.D.) and coefficient of variation 
(C.V.) for seed yield per plant (g) of the mutants isolated in Plantago ovata  Forsk. vars. Mayuri and 
Niharika in M3 generation
Var. Mayuri
Var. Niharika
5% = 1.49       
1% = 1.97
5% = 1.86       
1% = 2.46
Mutant Treatment  ± S.E. Shift in Mean S.D. C.V.(%) L.S.D.
Mayuri Control 1.24 ± 0.01 - 0.05 4.17
1. Ma-A 0.2% EMS 3.29** ± 0.05 2.05 0.21 6.45
2. Ma-B 0.4% EMS 2.72** ± 0.04 1.48 0.15 5.40
3. Ma-C 0.6% EMS 2.47** ± 0.04 1.23 0.15 6.04
4. Ma-D 15kR γ rays 3.13** ± 0.05 1.89 0.19 5.95
5. Ma-E 30kR γrays 2.61** ± 0.03 1.37 0.12 4.73
6. Ma-F 45kR γ rays 2.23** ± 0.03 0.99 0.13 5.71
7. Ma-G 45kR+0.2% Combination 3.46** ± 0.04 2.22 0.17 4.87
8. Ma-H 45kR+0.4% Combination 2.80** ± 0.04 1.56 0.15 5.27
Niharika Control 1.43 ± 0.02 - 0.07 4.60
1. Ni-A 0.2% EMS 4.16** ± 0.06 2.73 0.22 5.36
2. Ni-B 0.4% EMS 3.02** ± 0.05 1.59 0.19 6.15
3. Ni-C 0.6% EMS 3.35** ± 0.05 1.92 0.18 5.48
4. Ni-D 15kR γ rays 4.80** ± 0.06 3.37 0.24 4.98
5. Ni-E 45kR γ rays 3.47** ± 0.05 2.04 0.18 5.25
6. Ni-F 45kR+0.2% Combination 2.11** ± 0.03 0.68 0.12 5.58
Ma = Mayuri,  Ni = Niharika,  **Significant at 1% level
Table 63: Estimates of mean ( ), shift in mean, standard deviation (S.D.) and coefficient of variation 
(C.V.) for husk content (g) of the mutants isolated in Plantago ovata  Forsk. vars. Mayuri and Niharika 
in M3 generation
Var. Mayuri
Var. Niharika
5% = 0.11       
1% = 0.15
5% = 0.13        
1% = 0.17
Mutant Treatment  ± S.E. Shift in Mean S.D. C.V.(%) L.S.D.
Mayuri Control 11.43 ± 0.09 - 0.37 3.20
1. Ma-A 0.2% EMS 11.87* ± 0.14 0.44 0.54 4.59
2. Ma-B 0.4% EMS 11.65 ± 0.16 0.22 0.61 5.27
3. Ma-C 0.6% EMS 11.57 ± 0.13 0.14 0.50 4.33
4. Ma-D 15kR γ rays 12.09** ± 0.15 0.66 0.57 4.69
5. Ma-E 30kR γrays 11.38 ± 0.14 -0.05 0.55 4.85
6. Ma-F 45kR γ rays 11.98** ± 0.14 0.55 0.54 4.50
7. Ma-G 45kR+0.2% Combination 12.25** ± 0.13 0.82 0.50 4.10
8. Ma-H 45kR+0.4% Combination 11.89* ± 0.13 0.46 0.51 4.26
Niharika Control 11.18 ± 0.09 - 0.34 3.08
1. Ni-A Control 11.55* ± 0.13 0.37 0.51 4.38
2. Ni-B Control 12.11** ± 0.11 0.93 0.43 3.56
3. Ni-C Control 11.63** ± 0.11 0.45 0.42 3.61
4. Ni-D Control 11.84** ± 0.11 0.66 0.41 3.45
5. Ni-E Control 11.96** ± 0.11 0.78 0.44 3.70
6. Ni-F Control 11.78** ± 0.15 0.60 0.56 4.77
Ma = Mayuri,  Ni = Niharika,  *Significant at 5% level, **Significant at 1% level
Table 64: Estimates of mean ( ), shift in mean, standard deviation (S.D.) and coefficient of variation 
(C.V.) for swelling factor (ml/g) of the mutants isolated in Plantago ovata  Forsk. vars. Mayuri and 
Niharika in M3 generation
Var. Mayuri
Var. Niharika
5% = 0.38        
1% = 0.50
5% = 0.33       
1% = 0.43
Mutant Treatment  ± S.E. Shift in Mean S.D. C.V.(%) L.S.D.
Mayuri Control 186.33 ± 1.10 - 4.27 2.29
1. Ma-A 0.2% EMS 203.60** ± 2.05 17.27 7.94 3.90
2. Ma-B 0.4% EMS 192.67** ± 1.55 6.34 6.00 3.11
3. Ma-C 0.6% EMS 186.13 ± 1.52 -0.20 5.88 3.16
4. Ma-D 15kR γ rays 197.33** ± 1.35 11.00 5.25 2.66
5. Ma-E 30kR γrays 187.87 ± 1.42 1.54 5.49 2.92
6. Ma-F 45kR γ rays 202.53** ± 1.71 16.20 6.61 3.26
7. Ma-G 45kR+0.2% Combination 190.60* ± 1.29 4.27 5.01 2.63
8. Ma-H 45kR+0.4% Combination 195.33** ± 1.27 9.00 4.94 2.53
Niharika Control 179.67 ± 1.37 - 5.30 2.95
1. Ni-A 0.2% EMS 188.53** ± 1.58 8.86 6.10 3.24
2. Ni-B 0.4% EMS 200.47** ± 1.72 20.80 6.64 3.31
3. Ni-C 0.6% EMS 190.80** ± 1.49 11.13 5.77 3.03
4. Ni-D 15kR γ rays 198.93** ± 1.76 19.26 6.82 3.43
5. Ni-E 45kR γ rays 202.20** ± 1.85 22.53 7.18 3.55
6. Ni-F 45kR+0.2% Combination 186.80** ± 1.67 7.13 6.45 3.45
Ma = Mayuri,  Ni = Niharika,  *Significant at 5% level, **Significant at 1% level
Table 65: Estimates of mean ( ), shift in mean, standard deviation (S.D.) and coefficient of variation 
(C.V.) for mucilage content (mg) of the mutants isolated in Plantago ovata  Forsk. vars. Mayuri and 
Niharika in M3 generation
Var. Mayuri
Var. Niharika
5% = 4.19       
1% = 5.54
5% = 4.60       
1% = 6.09
 Graph 18: Effect of mutagenic treatments on pollen fertility (%) in Plantago ovata 
Forsk. vars.  Mayuri and Niharika in M3 generation 
 
Graph 19: Effect of mutagenic treatments on plant survival (%) in Plantago ovata 
Forsk. vars.  Mayuri and Niharika in M3 generation 
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 Graph 20: Total frequency of meiotic aberrations induced by the mutagenic 
treatments in Plantago ovata Forsk. vars.  Mayuri and Niharika in M3 generation 
 
Graph 21: Total frequency of meiotic aberrations noticed in the isolated mutants of 
Plantago ovata Forsk. vars.  Mayuri and Niharika in M3 generation 
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Explanation of Figures 
Plate 1-9 (Fig. 1-90): PMCs showing different types of meiotic aberrations observed in the 
mutagen treated population of Plantago ovata Forsk. vars. Mayuri and Niharika 
Plate 1 
Fig. 1. Metaphase I: 4 perfect bivalents arranged normally at equator 
Fig. 2.  Anaphase I: Equal segregation of chromosomes (4:4) towards their respective poles 
Fig. 3. Telophase I: Two groups of chromosomes at poles 
Fig. 4. Metaphase II: Two groups of chromosomes arranged at two equatorial plates 
Fig. 5. Anaphase II: Four groups of chromosomes moving towards opposite poles 
Fig. 6. Telophase II: Four groups of chromosomes present at poles 
Fig. 7. 8I at metaphase I 
Fig. 8. 1II and 6I at metaphase I 
Fig. 9.   2II and 4I at metaphase I 
Fig. 10.  3II and 2I at metaphase I 
Fig. 11.  1III, 2II and 1I at metaphase I 
Fig. 12.  1III, 1II and 3I at metaphase I 
 
   
  
Plate 2 
Fig. 13.  1IV and 2II at metaphase I 
Fig. 14.  1IV and 2II at metaphase I 
Fig. 15.  1VIII at metaphase I 
Fig. 16.  Secondary association of bivalents at metaphase I 
Fig. 17.  Secondary association of bivalents at metaphase I 
Fig. 18.  Stickiness at metaphase I 
Fig. 19.  Precocious separation of chromosomes at metaphase I 
Fig. 20.  Precocious separation of chromosomes at metaphase I 
Fig. 21.  Stray bivalent at metaphase I 
Fig. 22.  Stray bivalent at metaphase I 
Fig. 23.  Unorientation of chromosomes at metaphase I 
Fig. 24.  Unorientation of chromosomes at metaphase I 
 
  
   
  
Plate 3 
Fig. 25.  Fragment at metaphase I 
Fig. 26.  Laggard at anaphase I 
Fig. 27.  Laggards at anaphase I 
Fig. 28.  Laggard and unequal separation of chromosomes (5:2) at anaphase I 
Fig. 29.  Bridge at anaphase I 
Fig. 30.  Bridge and fragments at anaphase I 
Fig. 31.  Broken bridge and fragment at anaphase I 
Fig. 32.  Bridge and fragment at anaphase I 
Fig. 33.  Unequal separation of chromosomes (5:3) at anaphase I 
Fig. 34.  Fragment at anaphase I 
Fig. 35.  Fragment at anaphase I 
Fig. 36.  Stickiness at anaphase I 
 
  
   
  
Plate 4 
Fig. 37.  Forward movement at anaphase I 
Fig. 38.  Laggard at telophase I 
Fig. 39.  Laggards at telophase I 
Fig. 40.  Laggards at telophase I 
Fig. 41.  Bridge at telophase I 
Fig. 42.  Broken bridge at telophase I 
Fig. 43.  Fragment at telophase I 
Fig. 44.  Micronuclei at late telophase I 
Fig. 45.  Micronuclei at late telophase I 
Fig. 46.  Stray chromosomes at metaphase II 
Fig. 47.  Unorientation of chromosomes at metaphase II 
Fig. 48.  Unorientation of chromosomes at metaphase II 
 
  
   
  
Plate 5 
Fig. 49.  Fragments at metaphase II 
Fig. 50.  Laggard at metaphase II 
Fig. 51.  Bridge at metaphase II 
Fig. 52.  Bridge and fragment at metaphase II 
Fig. 53.  Bridge and fragment at metaphase II 
Fig. 54.  Non-synchronisation at metaphase II 
Fig. 55.  Non-synchronisation at metaphase II 
Fig. 56.  Laggards at anaphase II 
Fig. 57.  Bridge at anaphase II 
Fig. 58.  Bridge and fragment at anaphase II 
Fig. 59.  Unequal separation of chromosomes (5:5 and 3:3) at anaphase II 
Fig. 60.  Fragments at anaphase II 
 
  
   
  
Plate 6 
Fig. 61.  Fragments and disturbed polarity at anaphase II 
Fig. 62.  Stickiness at anaphase II 
Fig. 63.  Forward movement at anaphase II 
Fig. 64.  Forward and laggard chromosomes at anaphase II 
Fig. 65.  Disturbed polarity at anaphase II 
Fig. 66.  Disturbed polarity at anaphase II 
Fig. 67.  Multipolarity at anaphase II 
Fig. 68.  Multipolarity at anaphase II 
Fig. 69.  Tripolarity at anaphase II 
Fig. 70.  Non-synchronisation at anaphase II 
Fig. 71.  Non-synchronisation and bridge at anaphase II 
Fig. 72.  Laggard at telophase II 
 
  
   
 Plate 7 
Fig. 73.  Bridge at telophase II 
Fig. 74.  Bridge and fragment at telophase II 
Fig. 75.  Fragment at telophase II 
Fig. 76.  Micronuclei at late telophase II 
Fig. 77.  Micronuclei at late telophase II 
Fig. 78.  Disturbed polarity at telophase II 
Fig. 79.  Disturbed polarity at late telophase II 
Fig. 80.  Multinucleate condition at late telophase II 
Fig. 81.  Multinucleate condition at late telophase II 
Fig. 82.  Multinucleate condition at late telophase II 
Fig. 83.  Tripolarity at late telophase II 
Fig. 84.  Non-synchronisation at telophase II 
 
 
  
   
  
Plate 8 
Fig. 85.  Cytomixis between two cells at metaphase I showing formation of cytoplasmic channel 
Fig. 86.  Cytomixis between two cells at metaphase I showing transfer of chromatin material 
Fig. 87.  Cytomixis between two cells at telophase I showing transfer of chromatin material 
Fig. 88. Cytomixis between two cells of different stages (one at metaphase I and another at metaphase 
II) showing formation of cytoplasmic channel 
Fig. 89.  Cytomixis between two cells at metaphase II showing transfer of chromatin material 
Fig. 90.  Cytomixis between two cells at anaphase II showing transfer of chromatin material 
 
  
   
  
Plate 9 
Chlorophyll mutants observed in the mutagen treated population of Plantago ovata 
Forsk. vars. Mayuri and Niharika 
Fig. 91.  Control seedling 
Fig. 92.  Xantha type chlorophyll mutant 
Fig. 93.  Striata type chlorophyll mutant 
Fig. 94.  Striata type chlorophyll mutant 
Fig. 95.  Chlorina type chlorophyll mutant 
Fig. 96.  Virescens type chlorophyll mutant 
 
  
   
  
Plate 10 
Field photos 
Fig. 97. Field photo of M2 generation 
Fig. 98. Close view of var. Mayuri  
Fig. 99. Close view of var. Niharika 
 
  
   
  
 
Plate 11-14 (Fig. 100-115): Different types of morphological mutants observed in the 
mutagen treated population of Plantago ovata Forsk. var. Mayuri 
Plate 11 
Fig. 100.  Control plant 
Fig. 101.  Dwarf mutant 
Fig. 102.  Semi-dwarf mutant 
Fig. 103.  Compact growth habit mutant 
 
  
   
  
Plate 12 
Fig. 104.  Spreading growth habit mutant 
Fig. 105.  Elongated tiller mutant 
Fig. 106.  Broad leaf mutant 
Fig. 107.  Narrow leaf mutant plant 
 
  
   
  
Plate 13 
Fig. 108.  Curled leaf mutant 
Fig. 109.  Long spike mutant 
Fig. 110.  Partially filled spike mutant 
Fig. 111.  Feathery spike mutant 
 
 
  
   
  
Plate 14 
Fig. 112.  Branched spike mutant 
Fig. 113.  Branched spike mutant 
Fig. 114.  High yielding mutant (more tillers and more spikes per plant) 
Fig. 115.  High yielding mutant (more spikes per plant) 
 
   
  
Plate 15-19 (Fig. 116-135): Different types of morphological mutants observed in the 
mutagen treated population of Plantago ovata Forsk. var. Niharika 
Plate 15 
Fig. 116.  Control plant 
Fig. 117.  Dwarf mutant 
Fig. 118.  Semi-dwarf mutant 
Fig. 119.  Spreading growth habit mutant 
 
   
  
Plate 16 
Fig. 120.  More foliage mutant 
Fig. 121.  Broad leaf mutant 
Fig. 122.  Narrow leaf mutant 
Fig. 123.  Curled leaf mutant 
 
  
   
  
Plate 17 
Fig. 124.  Dark green coloured leaf mutant 
Fig. 125.  Long spike mutant 
Fig. 126.  Partially filled spike mutant 
Fig. 127.  Feathery spike mutant 
 
 
  
   
  
Plate 18 
Fig. 128.  Feathery spike mutant 
Fig. 129.  Branched spike mutant 
Fig. 130.  Branched spike mutant 
Fig. 131.  Club shaped spike mutant with dwarf growth habit 
 
  
   
  
Plate 19 
Fig. 132.  Club shaped spike mutant 
Fig. 133.  Club shaped spike mutant with broad leaves 
Fig. 134.  High yielding mutant (more tillers and more spikes per plant) 
Fig. 135.  High yielding mutant (more spikes per plant) 
 
  
   
  
Plate 20 and 21 (Fig. 136-143): High yielding mutants isolated in var. Mayuri 
Plate 20 
Fig. 136.  High yielding mutant Ma-A, isolated from 0.2% EMS treatment 
Fig. 137.  High yielding mutant Ma-B, isolated from 0.4% EMS treatment 
Fig. 138.  High yielding mutant Ma-C, isolated from 0.6% EMS treatment 
Fig. 139.  High yielding mutant Ma-D, isolated from 15kR γ rays treatment 
 
  
   
  
Plate 21 
Fig. 140.  High yielding mutant Ma-E, isolated from 30kR γ rays treatment 
Fig. 141.  High yielding mutant Ma-F, isolated from 45kR γ rays treatment 
Fig. 142.  High yielding mutant Ma-G, isolated from 45kR+0.2% combination treatment 
Fig. 143.  High yielding mutant Ma-H, isolated from 45kR+0.4% combination treatment 
 
  
   
  
Plate 22 and 23 (Fig. 144-149): High yielding mutants isolated in var. Niharika 
Plate 22 
Fig. 144.  High yielding mutant Ni-A, isolated from 0.2% EMS treatment 
Fig. 145.  High yielding mutant Ni-B, isolated from 0.4% EMS treatment 
Fig. 146.  High yielding mutant Ni-C, isolated from 0.6% EMS treatment 
 
  
   
  
Plate 23 
Fig. 147.  High yielding mutant Ni-D, isolated from 15kR γ rays treatment 
Fig. 148.  High yielding mutant Ni-E, isolated from 45kR γ rays treatment 
Fig. 149.  High yielding mutant Ni-F, isolated from 45kR+0.2% combination treatment 
 
  
   
 Plate 24 
Spike mutants in var. Mayuri 
Fig. 150.  A.  Control spikes  
 B.  Long spikes 
 C.  Partially filled spikes 
 
Fig. 151.  A.  Control spikes  
 B.  Feathery spikes 
 
Fig. 152.  A.  Control spikes  
 B.  Branched spikes 
 
  
   
 Plate 25 
Spike mutants in var. Niharika  
 
Fig. 150.  A.  Control spikes  
 B.  Long spikes 
 C.  Partially filled spikes 
 
Fig. 151.  A.  Control spikes  
 B.  Feathery spikes 
 C.  Branched spikes 
 
Fig. 152.  A.  Control spikes  
 B.  Club shaped spikes 
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CHAPTER - 5 
DISCUSSION 
The present discussion is mainly concerned with the effect of EMS and gamma rays, 
applied individually as well as in combinations, on various biological parameters such as seed 
germination, seedling height, pollen fertility and plant survival; chromosomal behaviour and 
induced variability in various quantitative traits in M1, M2 and M3 generations in isabgol 
(Plantago ovata Forsk.). The probable reasons regarding the effects of mutagens on various 
cyto-morphological characters of the plant have been discussed in detail in this chapter. 
5.1. Biological damage 
It was observed during the present investigation that both the mutagens i.e., EMS and 
gamma rays applied individually and in combinations bring about the reduction in seed 
germination, seedling height, pollen fertility and plant survival. Such reductions were found 
to be dose dependent. However, the extent of decrease differed both among different 
mutagens as well as between the two varieties. In general, combination treatments of gamma 
rays and EMS were found to be more effective than the individual treatments in both the 
varieties. Based on the extent of damage caused, the var. Mayuri was found to be more 
sensitive than the var. Niharika. 
Dose dependent decrease in these biological parameters after treatments with EMS 
and gamma rays have also been reported earlier by Singh (2003) in Vigna radiata; Banu et al. 
(2004) and VA Kumar et al. (2009) in Vigna unguiculata; Wani et al. (2004) in Lens 
culinaris; Kumar (2005) in Coriandrum sativum; Nirmalakumari et al. (2008) in Panicum 
sumatrense; Patel et al. (2010) and Bolbhat et al. (2012) in Macrotyloma uniflorum; Lal and 
Sharma (2000, 2002),  Jain et al. (2005), Prabha et al. (2011) in Plantago ovata; Khan and 
Tyagi (2009) in Glycine max; Talebi et al. (2012) in Oryza sativa; Sikder et al. (2013) in 
Solanum lycopersicum; Ariraman et al. (2014) in Cajanus cajan; Ramya et al. (2014) in 
Vigna mungo.  
Seed germination decreased with the increasing doses of mutagens but the extent of 
decrease differed in different mutagenic treatments. The inhibition in seed germination was 
slightly more in EMS than gamma rays treatments in var. Mayuri, while in case of var. 
Niharika, finding was just reverse, where gamma rays showed little more inhibition than 
EMS. The greater reduction in percent seed germination caused by EMS may be due to the 
change in metabolic condition of the cells during presoaking. This may lead to decrease in the 
rate of respiration and lack of required enzymes for carrying out the normal metabolism, thus 
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leading to decrease in the rate of seed germination. According to Usuf and Nair (1974), 
gamma irradiation interfered with the synthesis of enzymes and at the same time, accelerated, 
the degradation of existing enzymes involved in the formation of auxins and thus reduces the 
germination of seeds, while, Chauhan and Singh (1975) stated that gamma rays cause 
disruption and disorganization of the tunica layer, thus inhibiting germination. However, 
Tarar and Dnyansagar (1983) reported in Turnera ulmifolia that inhibitory effect of gamma 
rays was due to damage to DNA. Moreover, reduction in germination was more drastic in 
combination treatments than the individual treatments of EMS and gamma rays in both the 
varieties. The reduction in seed germination following mutagenic treatments may be due to 
the disturbances in the balance between the promoters and inhibitors of seed germination 
present in seed coat (Amen, 1968). Reduction in seed germination after mutagenic treatments 
has also been explained due to delay or inhibition in physiological and biological processes 
necessary for seed germination which include; changes in metabolic condition of the cells 
(Sharma and Swaminathan, 1969), inhibition of mitotic process (Ananthaswamy et al., 1971), 
hormonal imbalance (Chrispeeds and Varner, 1976), enzyme activity (Kurobane et al., 1979) 
and defective enzyme production (Kumar, 2005). The decrease in the seed germination 
percent after mutagenic treatments may also be ascribed to the chromosomal aberrations, 
disturbances in DNA and auxin synthesis and to the impaired cell metabolism (Kirtane and 
Dhumal, 2004). In the present investigation, inhibition in seed germination due to mutagenic 
treatments may be due to delay or the inhibition of metabolic activation necessary for seed 
germination or due to the toxicity of mutagens followed by mutational changes at genic or 
chromosomal level. According to Favert (1963), delay in seed germination at higher 
concentrations/doses of mutagens may be attributed to inhibition of the mitotic proliferation 
in root and shoot meristems. Delayed seed germination caused by various mutagens may be 
due to the depression in the rate of mitotic proliferations. Seed germination was more in 
laboratory condition as compared to field condition. It may be due to the additional effect of 
environment including temperature fluctuation during day and night, soil factor and the depth 
of seeds sown, besides the effect of mutagens. 
Seedling height showed a linear relationship with the mutagenic treatments. 
Moreover, combination treatments showed more reduction in seedling height than the 
individual mutagenic treatments. This is in support with the earlier reports of Ignacimuthu 
and Babu (1988) and Siddiqui and Singh (2010). Gray and Scholes (1951) and Lea (1955) 
suggested that it could be due to uneven damage to meristematic cells as a consequence of 
genetic injury. The badly damaged cells would produce only a few cell progeny and growth 
will recur from those cells which are least damaged genetically. Thoday (1951), Evans and 
Sparrow (1961) and Reddy et al., (1992b) opined that the chromosomal damage and/or 
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inhibition of cell division were the chief causes of reduced growth, whereas, Goud and Nayar 
(1968) and Tarar and Dnyansagar (1980) demonstrated that seedling growth depression may 
be due to inhibition of auxin synthesis. Changes in the specific activity of several enzymes 
(Cherry et al., 1962; Reddy and Vidyavathi, 1985) and physiological injury in the seeds and 
seedlings (Usuf and Nair, 1974) may also be correlated with reduction in seedling height after 
mutagenic treatments. Whatever may be the cause of reduced seedling growth, the fact 
remains that chromosomes, which carry various genes responsible for life processes and 
expression, are one of the most sensitive organs in the cell, and damage to any part of these 
vital and tiny organs is bound to go a long way to bring about various physiological and 
metabolic disorders which in turn will bring about several morphological and growth 
abnormalities in the plant or plant organs. So reduction in seedling height in the present 
investigation may be due to the chromosomal damages or inhibition of cell division due to the 
mutagenic treatments.  
Reduction in plant survival percentage in the treated population was directly 
proportional to the concentrations/doses of the mutagens. It may be due to various factors, 
such as changes in the metabolic activity of cells (Natarajan and Shivashankar,1965), 
cytogenetic damage and physiological disturbances (Sato and Gaul, 1967; Sree Ramulu, 
1972), disturbances in balance between promoters and inhibitors of growth regulators 
(Meherchandani, 1975). Rao (1983) also attributed physiological imbalance or different types 
of chromosomal aberrations or both to be the main cause for drastic decrease in survival. In 
the present studies, reduction in survival percentage of the treated population may be due to 
disturbed physiological processes or chromosome damage leading to mitotic arrest. 
Varying degree of pollen sterility was induced in all mutagenic treatments in the 
present investigation and the magnitude of sterility increased with an increase in 
concentrations/doses of mutagens. These results are in agreement with many workers who 
have also been reported a dose dependent increase in sterility following mutagenic treatments 
of EMS and gamma rays (Kumar and Singh, 2003a in barley; Sharma et al., 2004 in chickpea; 
Nirmalakumari et al., 2008 in little millet; Khan and Tyagi, 2009 in soybean; Sikder et al., 
2013 in tomato; Bhosale and More, 2013 in ashwangandha). Pollen sterility was the highest in 
combination treatments compared to individual mutagenic treatments of gamma rays and 
EMS. Similar results were obtained earlier in Phaseolus vulgaris (Gautam et al., 1998) and 
Vigna mungo (Gautam et al., 1992; Makeen et al., 2010) after treatments with physical and 
chemical mutagens. According to Gaul et al. (1966) sterility was largely due to the genetical 
changes. Kumar and Mani (1997) reported that the failure of homologous pairing during 
meiosis could be the main cause of high pollen sterility. According to Ramesh and Reddi 
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(2002), mutagen induced pollen sterility was found to be chromosomal, genic or 
physiological in nature, while Srivastava and Kapoor (2008) reported that spindle related 
aberrations like tripolarity, multipolarity and non orientation may also cause the formation of 
unbalanced and sterile gametes affecting the plant fertility. The high sterility observed in the 
present investigation may be attributed to the vast array of meiotic aberrations that were 
induced by physical and chemical mutagens leading to aberrant pollen mother cells and 
ultimately resulting in inactivation of pollen grains. Similar findings were obtained by several 
workers (Rana and Swaminathan, 1964; Ramanna, 1974; Dhamayanthi and Reddy, 2000; 
Kumar and Singh, 2003a; Sharma et al., 2004; Kumar and Gupta, 2007). The various types of 
meiotic aberrations noticed in the present studies support the above finding. 
A common observation on the biological parameters reveals the greater superiority of 
combination treatments of EMS and gamma rays over their individual treatments. Greater 
effectiveness of combination treatments was also reported in Lathyrus sativus (Kumar and 
Dubey, 1998c), Vigna radiata (Singh, 2003), Cicer arietinum (Sharma et al., 2004), Oryza 
sativa (Siddiqui and Singh, 2010) and Sesbania cannabina (Kumar and Srivastava, 2013). 
The combination treatments of physical and chemical mutagens are known to affect 
the efficiency of each other. To estimate the extent of damage caused by the physical and 
chemical mutagens, when used in combinations, than their respective individual treatments 
the coefficient of interaction (k) was determined. The coefficient of interaction was both, 
synergistic (more than additive) and antagonistic (less than additive) in both the varieties in 
all the three generations and for most of the biological parameters with some exceptions. 
Synergistic effect was generally shown by the highest combination treatments in both the 
varieties in all the three generations. The synergism between two mutagens may be occurred 
when, (i) the first mutagen treatment makes accessible otherwise non-available sites for the 
reaction of second mutagen or, (ii) the pre-mutational lesions induced by the first mutagen 
become fixed due to an inhibitory effect of the second mutagen on repair enzymes (Sharma, 
1970; Payez and Deering, 1972; Makeen et al., 2010). Both these pathways yield a frequency 
of mutations higher than the total of two mutagens applied individually. On the other hand, if 
both the mutagens compete for the same site, the effects are independent of each other, it 
could either be additive or less than additive (Aastveit, 1968; Prasad and Das, 1980). 
Differences in synergistic effects of combination treatments could be attributed to interference 
of mutagens given in combination in the repair mechanisms and mutual inhibition of 
reactivation process (Bhatnagar, 1984). Since it has been consistently observed that some 
combination treatments showed less than additive effects as for as the biological damage is 
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concerned, it could be concluded that such treatments could be used favourably for increasing 
the mutation rate and obtaining a wider spectrum of mutations in isabgol. 
A comparison of the mutagenic effects on various biological parameters reveals that 
in the present investigation var. Mayuri showed more biological damage as compared to var. 
Niharika, indicating its greater sensitivity to mutagens. Differential varietal responses to 
different mutagens as observed in the present investigation has been reported earlier by many 
workers in different crops (Edwin and Reddy, 1993 in triticale; Ramesh and Reddi, 2002 in 
Oryza sativa; Singh, 2003 in Vigna radiata; Wani et al., 2004 in Lens culinaris; 
Nirmalakumari et al. 2008 in Panicum sumatrense and Patel et al., 2010 in Macrotyloma 
uniflorum. The sensitivity of a variety depends upon its genetic architecture and the types of 
mutagens employed. In general, varieties with a large assortment of recessive characters show 
greater sensitivity than the varieties with dominant characters (Blixt, 1970). The differential 
sensitivity of genotypes may be attributed to their metabolic process affected in differential 
manner (John, 1997) or due to seed metabolism and onset of DNA synthesis (Shah et al., 
2008). Radio-sensitivity differs in different plants and basically the absorption of radiation 
energy possibly depends on the size of the target i.e., greater the size, greater the absorption of 
radiation energy and higher the radio sensitivity of the biological material (Saric et al., 1961). 
Akbar et al. (1976) concluded that differences in radiosensitivity may be due to differences in 
their recovery process involving enzyme activity. Such variation may be due to the fact that 
some of the gene loci affected by one mutagen were not necessarily affected by the other 
(Khamankar, 1984) and even a single gene difference induced significant changes in mutagen 
sensitivity (Sparrow et al., 1965). 
5.2. Cytological observations 
Studies on chromosomal behaviour during meiosis in mutagen treated population is 
one of the dependable criteria to estimate the potentiality of the mutagens applied and the 
sensitivity of the biological material under study as well. It also provides considerable 
information to ascertain the most effective mutagen for a given crop to realize the maximum 
results. Cytological investigations appear rewarding as they deal with the primary genetic 
material, the chromosomes (more appropriately, the DNA) which controls the phenotype of 
the organisms. 
Physical and chemical mutagens are known to produce chromosomal aberrations 
leading to abnormal chromosome behaviour during meiosis and consequently giving rise to 
varying degree of sterility. In the present investigation, a vast array of meiotic aberrations 
were recorded in the plants raised from the seeds treated with different concentrations/doses 
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of EMS, gamma rays and their combination treatments in two varieties of isabgol.  Such 
aberrations were found to be dose dependent in both the varieties. Although, the types of 
chromosomal aberrations were more or less common in both the varieties, the frequency of 
chromosomal aberrations were comparatively more in var. Mayuri than the var. Niharika 
indicating its more sensitivity to the mutagens. Combination treatments were most effective in 
inducing chromosomal aberrations when compared with the individual mutagenic treatments, 
whereas, gamma rays induced more aberrations than EMS (when applied individually) in both 
the varieties. These results support the general hypothesis that physical mutagens produce 
more cytological abnormalities than the chemical mutagens. Tarar and Dnyansagar (1980), 
Zeerak (1991), Kumar and Singh (2003a), Sharma et al. (2004) and Dhanasri (2005) reported 
the effectiveness of physical mutagens over the chemical ones. Superiority of combination 
treatments in inducing chromosomal aberrations has been reported by G Kumar et al. (2003), 
Sharma et al. (2004), Dhanasri (2005) and Kumar and Srivastava (2013). 
In the present investigation the number of univalents at metaphase I ranged from 1-8 
per PMC and these were later found as laggards at anaphase and telophase stages. According 
to Sarbhoy (1977) the univalents are either chromosomes which fail to pair at zygotene or 
those which paired to form bivalents but whose two components are separated at diplotene 
because of the absence of chiasma formation between them or it is due to precocious 
anaphase separation of bivalents. Rao and Laxmi (1980) attributed univalent formation to the 
partial and complete lack of homologous chromosomes pairing. Reduction in chromosome 
pairing has also been attributed to mutations in the genes governing homologous chromosome 
pairing and/or chromosomal structural changes (Reddy et al., 1991; Singh, 1992). Mitra and 
Bhowmik (1996) reported that non-pairing and early separation of chromosomes at meiosis 
and gene mutation may result in the formation of univalents. The chromosomes may fail to 
pair because of the alternation of linearity of genes in them due to translocation and inversion 
induced by mutagenic treatments so that at early prophase stage homologous chromosomes 
do not lie side by side. According to Kumar and Rai (2007) univalents may originate from an 
absence of crossing over at pachytene or from desynaptic mutants. The occurrence of 
univalents in the present studies indicates non-homology between certain chromosomes in the 
genetic complement and it may be due to the fact that mutagenic treatments induced structural 
changes in some of the chromosomes which restricted pairing and hence formation of 
univalents. The univalents were also reported by G Kumar et al. (2003) in Lens culinaris; 
Kumar and Rai (2007) in Zea mays; Khan et al. (2009) in Vicia faba; Kumar and Srivastava 
(2011) in Sesbania cannabina and Bashir et al. (2013b) in Trigonella foenum-graecum. 
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Different types of multivalent associations were observed in the present investigation 
at metaphase I. According to Prasad (1965) and Sinha (1967) the formation of multivalents 
was the possible outcome of exchange between non-homologous chromosomes due to 
translocations. Alterations in the chromosome associations were possibly the outcome of non 
or irregular pairing of chromosomes due to translocations (Katiyar, 1978). Deletion or 
duplication of genes causing multivalent formation has also been reported by Grover and Virk 
(1986). The occurrence of multivalents demonstrates that mutagenesis resulted in structural 
alternations leading to the rearrangement of chromosome. Multivalent formation can be 
attributed to irregular pairing and breakage followed by translocations and inversions (Zeerak, 
1991). In the present study multivalent formation in mutagen treated plants may be attributed 
to reciprocal translocation which results in segmental homology between non-homologous 
chromosomes. Multivalents have also been reported in various plants like Cicer arietnum 
(Sharma and Kumar, 2004), Hordeum vulgare (Tiwari and Shukla, 2005), Vicia faba (Sharma 
et al., 2009) and Nigella sativa (Dixit et al., 2013). Kumar and Srivastava (2001a) also 
observed multivalents in isabgol. 
Secondary association of chromosomes as noticed in the present study at metaphase I 
has been interpreted as a result of modified chromosomes rearrangement due to duplication, 
interchange or stickiness (Stebbins, 1950). It has also been reported by Kumar and Srivastava 
(2001a) in Plantago ovata, Sengupta and Datta (2003) in Sesamum indicum, Singh and 
Chaudhary (2005) and Kumar and Gupta (2009) in Capsicum annuum and Kumar and Gupta 
(2007) in Nigella sativa.  
Stickiness of chromosomes was one of the most common aberrations observed in the 
present investigation at metaphase and anaphase stages. Chromosomes were found clumped 
into one group due to stickiness at metaphase causing difficulty in normal disjunction of 
chromosomes. Stickiness could be due to partial dissociation of the nucleoproteins and 
alteration in their pattern of organization (Sharma and Mukherjee, 1955; Evans, 1962) or due 
to the depolymerisation of nucleic acid caused by mutagenic treatments (Tarar and 
Dnyansagar, 1980). Klasterska et al. (1976) suggested that stickiness arises due to improper 
folding of chromosome fibre, while Rao and Laxmi (1980) stated that stickiness might be due 
to disturbances in the cytochemically balanced reactions by the effect of mutagens. Gaulden 
(1987) postulated that sticky chromosome may result from the defective functioning of one or 
two types of specific non-histone proteins involved in chromosome organization which are 
needed for chromatid separation and segregation. However, in the present study it seems most 
probable that mutagenic treatments caused some kind of gene mutations leading to incorrect 
coding of some non-histone proteins involved in chromosome organization, when affected, 
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these proteins lead to chromosome clumping. These results are in agreement with the reports 
of Verma et al. (1999) in Lens culinaris; Kumar and Srivastava (2001a) in Plantago ovata; 
Singh and Chaudhary (2005) in Capsicum annuum; Sharma et al. (2009) in Vicia faba; 
Chatterjee et al. (2011) in Papaver somniferum and Dixit et al. (2013) in Nigella sativa. 
Precocious separation of chromosomes at metaphase I was also a dominant 
abnormality in all the treatments. According to Kumar and Rai (2007), precocious 
chromosome migration to the poles may have resulted from univalent chromosomes at the 
end of propahse I or precocious chiasma terminalization at diakinesis or metaphase I. In the 
present studies, it is probably caused by spindle disfunction. Such chromosomal divergences 
in the form of precocious separation have pointed towards the structural differentiation of 
homologous pair. Kumar and Srivastava (2001a) in Plantago ovata; G Kumar et al. (2003) in 
Lens culinaris; Bhat et al. (2007) in Vicia faba; Kumar and Srivastava (2010) in Carthamus 
tinctorius and Chatterjee et al. (2011) in Papaver somniferum also observed precocious 
separation of chromosomes. 
The occurrence of stray bivalents at metaphase I and II and forward chromosomes at 
anaphase I and II in the present study might also be due to the spindle disfunction caused by 
mutagens. Stray bivalents has also been reported by Gulfishan et al. (2011a,b) in chilli and 
forward chromosomes was reported by Kumar et al. (2006) in sunflower. 
Unorientation of chromosomes at metaphase I and II as observed in the present study 
may be due to either the inhibition of spindle formation, improper functioning or the 
destruction of spindle fibers formed (Kumar and Singh, 2003a; Kumar and Rai, 2007) which 
causes the chromosomes to lie scattered all over the cell space. The behaviour of these and of 
the laggards generally leads to the formation of micronucleus (Koduru and Rao, 1981; Kumar 
and Rai, 2006b). These have also been reported by Kumar and Srivastava (2001a) in Plantago 
ovata, Abbasi and Anis (2002) in Trigonella foenum-graecum; Khan et al. (2009) in Vicia 
faba and Kumar and Yadav (2010a,b) in Sesamun indicum. 
Fragments of chromosomes were also found in the present investigation at all the 
stages of meiosis. Fragmentation and breaks are attributed to coiling errors or duplication 
difficulties leading to chromosome breakage (Natarajan and Upadhyay, 1964). Cremer et al. 
(1981) suggested that the fragmentation might be due to the damaged mechanism of DNA 
repair caused by mutagens. However, Gaulden (1987) attributed it to erroneous replication of 
genetic material. The broken chromosome fragments may be incorporated in a daughter 
nucleus through reunion or constitute micronuclei at telophase II or may be eliminated in 
seedling stage. Fragments of chromosomes as observed in the present study have also been 
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observed by Reddy and Annadurai (1992) in lentil, Kumar and Srivastava (2001a) in isabgol, 
Singh and Chaudhary (2005) in chilli, Kumar and Rai (2007) in maize and Kumar and Yadav 
(2010a) in Sesamum indicum. 
Laggards at anaphase and telophase may be explained on the basis of abnormal 
spindle formation and chromosomal breakage. According to Singh and Chaudhary (2005), 
laggards may arise by breakage or faulty spindle resulting into imbalanced daughter nuclei 
and micronuclei. Presence of laggards may also be attributed to the inability of multivalents to 
separate properly (Ganai et al., 2005). The laggards observed during the present study might 
be due to delayed terminalization, stickiness of chromosome ends or because of failure of 
chromosomal movement (Permjit and Grover, 1985; Jayabalan and Rao, 1987; Soheir et al. 
1989). Schulz-Schaeffer (1980) concluded that lagging chromosomes and their presence as 
univalents may result in aneuploidy. Laggards at anaphase have also been observed in Vigna 
radiata (GR Singh et al., 1999), Clitorea ternatea (Singh and Gupta, 2004), Oryza sativa 
(Basi et al., 2006), Capsicum annuum (Kumar and Gupta, 2009) and Nigella sativa (Dixit et 
al., 2013) including Plantago ovata (Kumar and Srivastava, 2001a).  
Bridges, with or without fragments at anaphase and telophase stages, were frequently 
observed in the present investigation. Formation of chromatin bridges might be due to the 
failure of chiasmata in a bivalent to terminalise as a result of which chromosomes get 
stretched between the poles (Sax, 1960; Saylor and Smith, 1966). Gaul (1964) attributed 
anaphasic bridge to the fusion between two centromere bearing chromosome fragments. The 
presence of chromosome bridges without fragments may be due to restitution or the fragments 
getting entangled or attached with normal chromatids of chromosomes (Tarar and 
Dnyansagar, 1980). Ignacimuthu and Babu (1989) reported that chromosome breakage and 
reunion of broken ends could lead to the formation of bridges. The occurrence of breaks at the 
same locus and their lateral fusion leads to the formation of dicentric chromosome which is 
pulled equally to both the poles forming a bridge (Anis et al., 1998; Abbasi and Anis, 2002). 
In the present study, bridge formation may be attributed to the general stickiness of 
chromosomes at metaphase stage or breakage and reunion of chromosomes and/or the 
occurrence of paracentric inversions due to the effect of mutagens. Bridges were also reported 
by Kumar and Srivastava (2001a) in Plantago ovata. The bridges with or without fragment 
were also observed in many other plants like Lens culinaris (Reddy and Annadurai, 1992), 
Carthamus tinctorius (Dhanasri, 2005), Zea mays (Kumar and Rai, 2007), Trigonella foenum-
graecum (Bashir et al., 2013b) and Sesbania cannabina (Kumar and Srivastava, 2013). 
Non-synchronisation of chromosomes as observed at metaphase, anaphase and 
telophase II stages might be due to the abnormal spindle activity (Kumar and Singh, 2003a). 
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It has also been reported in lentil (G Kumar et al., 2003), black cumin (Kumar and Gupta, 
2007), sesame (Kumar and Yadav, 2010a).  
Unequal separation of chromosomes was observed in the present investigation at 
anaphase I and II stages. Sinha and Godward (1972) attributed the unequal distribution to the 
occurrence of multivalents and failure of chromosomes to segregate equally. This may also be 
due to spindle disfunction caused by mutagens (Nerkar, 1977; Singh et al., 1989 and Grover 
and Virk, 1986; Mitra and Bhowmik, 1996). According to Zeerak (1992), unequal separation 
of chromosomes would lead to the production of aneuploid gametes which may be utilized in 
breeding programmes. Anis and Wani (1997) attributed that stickiness of the chromosomes 
may also result in the unequal distribution of chromosomes in the daughter nuclei. According 
to Kumar and Singh (2003a), random movement of univalents to any one of the poles leads to 
the unequal separation of chromosomes. In the present investigation, unequal separation of 
chromosomes may be due to failure of chromosomes to reach their poles or due to the 
stickiness which adversely affected the normal disjunction of chromosomes at anaphase. 
Jayabalan and Rao (1987) in Lycopersicon esculentum, Kumar and Srivastava (2001a) in 
Plantago ovata, G Kumar et al. (2003) in Lens culinaris, Bhat et al. (2005a) in Vicia faba, 
Kumar and Rai (2007) in Zea mays and Chatterjee et al. (2011) in Papaver somniferum have 
also reported unequal separation of chromosomes. 
Micronuclei as observed in the present study at telophase I and II generally arose as a 
result of inclusion of fragments and lagging chromosomes in one group (Zeerak and Zargar, 
1998; Maurya et al., 2006; Azad, 2011). Bhattacharjee (1953) and Laxmi et al. (1975) 
suggested that irregular distribution of acentric fragments or laggards results in the formation 
of micronuclei at telophase resulting in variation in number and size of pollen grains obtained 
from the pollen mother cell. Their presence, therefore, suggested that the resultant product of 
meiotic division is deficient in one or the other chromosome. This usually leads to the 
formation of sterile pollen grains. The presence of micronuclei at telophase is also reported by 
Abbasi and Anis (2002) in fenugreek, Sharma et al. (2004) in chickpea, Sharma et al. (2009) 
in broad bean, Kumar and Yadav (2010a,b) in Sesamum indicum, Chatterjee et al. (2011) in 
Papaver somniferum and Dixit et al. (2013) in black cumin.  
Disturbed polarity at anaphase II and telophase II stages may be due to spindle 
disturbance. It may also be attributed to the alterations in genes, controlling the biochemical 
pathways of the substance that determine the position of the spindle poles. Disturbed polarity 
was also reported by Kumar and Srivastava (2001a) in isabgol, Kumar and Singh (2003a) in 
barley, Ganai et al. (2005) in chickpea, Kumar and Gupta (2009) in chilli, Kumar and 
Srivastava (2011, 2013) in Sesbania cannabina and Bashir et al. (2013b) in fenugreek. 
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Multipolarity at anaphase II and telophase II stages may be due to the disturbance of 
the spindle apparatus as has been reported by Somashekar (1988). Kumar and Srivastava 
(2001a) in isabgol, Sharma and Kumar (2004) in chickpea and Kumar and Rai (2007) in 
maize have also reported multipolarity.  
Tripolarity was observed at anaphase II and telophase II stages in the present 
investigation. Kumar and Kesarwani (2004) attributed the formation of more than two poles 
due to more than one division of centriole followed by development of more than one spindle, 
while according to Tripathi and Kumar (2006) it might be due to the malfunctioning of 
spindle.  In the present study, the presence of tripolarity may be attributed to the defective 
formation of spindle apparatus, which causes disturbed orientation of chromosomes at 
metaphase II leading to the formation of tripolar condition at anaphase II and thus the 
formation of three nuclei at telophase II. Tripolarity has also been reported in Catharanthus 
roseus (Kumar and Srivastava, 2010) and Papaver somniferum (Chatterjee et al., 2011). In 
isabgol, it was reported by Kumar and Srivastava (2001a). 
Multinucleate condition as noticed in the present investigation at telophase II may be 
explained to a particular genotypic change suppressing the organizing capacity of nucleolar 
chromosome and inducing the formation of adventitious nuclei. Basi et al. (2006) in Oryza 
sativa, Sharma et al. (2009) in Vicia faba and Kumar and Yadav (2010a) in Sesamum indicum 
have also noticed multinucleate condition. 
Cytomixis was the most dominant aberration recorded with the maximum frequency 
at all the stages of meiosis in the present investigation. It refers to the migration of chromatin 
material (chromosomes) from one cell (donar cell) to another (recipient cell) either through 
cytoplasmic channels or through direct fusion between PMCs. Cytomixis through both the 
methods was found at various stages of meiosis I and II in the present investigation. 
Generally, cytomixis through the direct fusion was most common, but in the present 
investigation presence of cytoplasmic channel was more frequent. Although, PMCs were 
mostly connected with a single cytoplasmic channel, multiple cytoplasmic channels were also 
found between PMCs in present studies but in low frequency and it was also reported earlier 
by Bellucci et al. (2003) in Medicago sativa and Massoud et al. (2011) in Astragalus 
cyclophyllos. In the phenomenon of cytomixis, two or more pollen mother cells at the same 
phase of division are usually involved but cytomixis between and among different stages of 
meiosis as noticed in the present studies have also been reported (Maria de Souza and 
Pagliarini, 1997).The number of PMCs involved in cytomixis varied from 2-8, but in majority 
of cases only 2 or 3 PMCs were found to be involved in this phenomenon. Some PMCs were 
noticed to have cytoplasmic channel with one PMC and direct fusion with other. The 
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migration of chromatin materials from one PMC to another was unidirectional i.e., from 
donor to a recipient cell, but when two or more PMCs were simultaneously involved in 
cytomixis, the chromatin material passed from meiocyte one to second, from second to third 
and so on. Unidirectonal migration of chromatin material from one PMC to another in a series 
has been reported earlier by Gottschalk (1970). Single PMC donating its chromatin material 
simultaneously to two PMCs were also noticed in the present investigation. In rare cases, the 
entire chromatin material of the donor cell migrated to the recipient cell, leaving the donor 
cell empty. The probable causes of cytomixis are changes in gene control (Omara, 1976), 
temperature effects (Narain, 1979), abnormal genetic behaviour due to the action of chemical 
agents (Sinha, 1988), effect of gamma radiation resulting in an imbalanced and sterile genetic 
system (Amma et al., 1990), fixation effects (Haroun, 1995, Heslop-Harrison, 1996) and 
environment stress and pollution (Haroun et al., 2004). Cytomixis in the present study may be 
due to abnormal genetic behaviour due to the effect of mutagens. Cytomixis have also been 
reported in chickpea (Sharma et al., 2004 and Ganai et al., 2005), fenugreek (Bashir et al., 
2013b), broad bean (Bhat et al., 2006c), maize (Kumar and Rai, 2007), Linum usitatissimum 
(Kumar and Pandey, 2009), Sesamum indicum (Kumar and Yadav, 2010a) and black cumin 
(Dixit et al., 2013). Kumar and Srivastava (2001a,b) also reported cytomixis in isabgol after 
mutagenic treatments. Trans-migration of chromatin material might result in alteration in 
number of chromosomes in the cells. It is considered to be a source of production of 
aneuploids and polyploid gametes (Omara, 1976; Sheidai, 1997; Sheidai et al., 1993, 1999; 
Koul, 1990 and Yen et al., 1993). These observations suggest that screening of mutagen 
treated populations for varied ploidy level and its utilization in plant breeding can yields 
interesting results. 
Comparative mutagenecity of EMS, gamma rays and their combination treatments in 
two varieties viz. Mayuri and Niharika of isabgol reflects the differences in their genome 
architecture, former exhibited more biological damage than the later. Thus, it can be inferred 
that mutagenecity is ultimately determined by genome itself. Intervarietal differences with 
regard to cytological aberrations have also been reported by many workers. These differences 
were attributed to the differences in cell volume, nuclear volume, chromosome volume and 
DNA amount and presence of protective or sensitizing substances (Sparrow and Evans, 1961; 
Ahmad and Godward, 1981; Bhat et al., 2005a). 
Among different stages of meiosis, the frequency of meiotic aberrations was 
maximum at metaphase stage as compared to anaphase and telophase stages in the present 
study. Similar observations were reported by Mitra and Bhowmik (1996) in Nigella sativa, 
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Kumar and Dubey (1998a) in Lathyrus sativus, Jabee and Ansari (2005) in Cicer arietinum, 
Bhat et al. (2006a,b) in Vicia faba and Kumar and Srivastava (2013) in Sesbania cannabina.  
In this investigation, presence of persistant bridge with or without fragments, 
laggards, fragments and non-synchronization at metaphase were also noticed. It may be due to 
the omission of telophase I and interphase stages in those cells due the mutagenic treatments. 
So that, cells passed from anaphase I to directly prophase II, with very little changes in the 
behaviour and coiling of chromosomes. Moreover, the cytokinesis is of simultaneous type in 
this crop. So, there may be the possibilities that the aberrations which found at anaphase I 
may persist at metaphase II also. 
Studies on these biological and cytological parameters in M1, M2 and M3 generations 
revealed that much of the inhibitory effects were gradually recovered in M2 and M3 
generations, indicating that elimination of highly affected seedlings or plants and/or some sort 
of recovery mechanism must be operating in the intervening period, although the higher 
treatments of all the mutagens still retained the highest adverse effects. Moreover, 
combination treatments continued to be the superior with respect to their inhibitory effects in 
both the varieties of isabgol. Such a recovery mechanism in M2 and subsequent generations 
has also been reported by Katiyar (1978), Subba Rao (1988), Viccini and Carvalho (2002) and 
Ansari and Ali (2009). Gradual recovery in the subsequent generations must be due to the 
ceasing toxic effects of mutagens as well as DNA repair mechanism. 
5.3. Chlorophyll mutations 
Chlorophyll mutations are the most often used parameter for evaluating the 
effectiveness of mutagenic treatments. The frequency of chlorophyll mutations recoverable in 
M2 generation is considered to be a standard measure of rate of induced mutations and thus 
used to find out the mutability of crop plants to different mutagens because of their 
conspicuous and easily detectable outlook and frequent appearance. It is one of the most 
reliable indices for determining the extent of induced genetic changes in the mutagen treated 
population and also used as genetic markers in basic and applied research. From breeder’s 
point of view, the frequency of chlorophyll mutants expressed as percent of M2 population 
seems to be more realistic and helpful. Therefore, results were explained on M2 plant basis. 
In the present study, four types of chlorophyll mutations viz., xantha, striata, chlorina 
and virescens, were recorded in M2 generation in the mutagen treated populations and the 
frequency of chlorophyll mutations was found to be dose dependent in both the varieties of 
isabgol following mutagenic treatments. These results are in agreement with VP Singh et al. 
(1999), Waghmare and Mehra (2001), A Kumar et al. (2009), Gaur et al. (2013), Gandhi et 
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al. (2014), Ramezani and More (2014) who have also been reported the similar results 
following mutagenic treatments with EMS, gamma rays and their combination treatments. 
Jain et al. (2005) also noticed dose dependent decrease in chlorophyll mutation frequency in 
isabgol after gamma irradiation.  
Chlorophyll development seems to be controlled by many genes located on several 
chromosomes (Goud, 1967b) which could be adjacent to centromere and proximal segment of 
chromosomes (Swaminathan, 1964). Mutations in these chlorophyll genes reflect in M2 and 
subsequent generation in the form of different types of chlorophyll mutations.  Occurrence of 
chlorophyll mutants in large number of crops have also been attributed to different causes 
such as impaired chlorophyll biosynthesis, further degradation of chlorophyll and bleaching 
due to deficiency of carotenoids (Bevins et al., 1992) and may be related to their preferential 
action on chlorophyll development genes (Reddy et al., 1993). Out of the four types of 
chlorophyll mutants, recorded in M2 generation, xantha followed by striata types were 
predominant in both the varieties in EMS treatments. Wani and Anis (2004a) in chickpea, A 
Kumar et al. (2009) in mung bean, VA Kumar et al. (2009) in cowpea, Lal et al. (2009) in 
black gram and Sharma et al. (2010) in garden pea also reported the dominance of xantha 
type than the others. According to Prasad and Das (1980), differential induction of 
chlorophyll mutations in different crops was due to the difference in their genetic background.   
The combined treatments of EMS and gamma rays induced the highest frequency of 
total chlorophyll mutations in both the varieties, whereas EMS alone proved to be more 
effective than gamma rays alone. The greater effectiveness of combination treatments of 
gamma rays and EMS in inducing chlorophyll mutations has also been reported by many 
workers (Singh and Yadav, 1993; Wani and Anis, 2004a; Khan and Tyagi, 2008; Ramezani 
and More, 2014). Effectiveness of EMS in inducing the higher frequency of chlorophyll 
mutations than the gamma rays was also reported by Kharkwal (1998a), Waghmare and 
Mehra (2001) and Gandhi et al. (2014). The high incidence of chlorophyll mutations induced 
by EMS in present investigation may be due to its specificity to affect certain regions of 
chromosome containing genes for chlorophyll development and has been reported to induce 
high frequency of chlorophyll mutations (Swaminathan et al., 1962; Goud, 1967b; Khan and 
Siddiqui, 1993; Girija and Dhanavel, 2009; Pawar et al., 2010; Uchida et al., 2011). It may 
also be due to the fact that presoaking facilitates the uptake of mutagen by increasing cell 
permeability and also enhances metabolic activity and thus initiates DNA synthesis and its 
subsequent replication. Hence, both enhancements in frequency and types of mutations 
recovered after presoaking may be expected.  
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Despite the fact that combination treatments induced higher frequency of chlorophyll 
mutations, the coefficient of interaction was found to be less than additive for all the 
combination treatments in both the varieties of isabgol in the present study. According to 
Reddy et al. (1973), the negative synergism between mutagens for chlorophyll mutation 
frequency in M2 may be explained by assuming that at least some of the mutational events 
produced by the first applied mutagens might be getting reversed by the second mutagen.  
In the present study, var. Mayuri recorded maximum chlorophyll mutation frequency 
than the var. Niharika indicating its greater sensitivity and response to mutagenic treatments. 
Discrepancies regarding the mutation frequency for even similar treatments in the two 
varieties of isabgol suggested a possible influence of genomes on mutagenic potency. Inter-
varietal differences with regards to the chlorophyll mutation frequency as observed in the 
present study confirm the findings of VP Singh et al. (1999), Das and Kundgrami (2000), DS 
Kumar et al. (2003) and Singh and Rao (2007) However, both the varieties of isabgol have 
been developed through the mutation breeding programme with gamma rays, many genetic 
differences may be expected between them, even the differences of only a single gene can 
induce significant changes in mutagen sensitivity which influences not only the rate but also 
the spectrum of recoverable mutations (Bhan and Kaul, 1976; Paul and Singh, 2002; Wani 
and Khan, 2005). Induction of different frequencies of same mutation in both the varieties in 
both the mutagens indicates mutagen specificity by the two isabgol varieties as far as 
chlorophyll deficient mutations are concerned. Despite the fact that different frequencies of 
similar mutations are induced by different mutagens, the chief limiting factor in the induction 
and recovery of mutations is the genetic constitution of the experimental material (Gregory, 
1965; Kaul and Bhan, 1977). It is concluded that in the present investigation the recovery of 
such a high rate of chlorophyll mutations may be attributed to the method of treatment and 
efficient scoring and handling of mutagenised populations. 
5.4. Mutagenic effectiveness and efficiency 
Success of any mutation breeding programme primarily depends upon the selection of 
effective and efficient mutagen, to recover a high frequency of desirable mutations and 
secondly, on its concentrations/doses for meaningful programme for genetic improvement of 
a crop. In the present investigation mutagenic effectiveness and efficiency were estimated on 
the basis of the chlorophyll mutation frequency in M2 generation and biological damage of M1 
generation and both the varieties of isabgol showed differential response, not only between 
the different mutagens but also among the treatments of a same mutagen, with regard to 
mutagenic effectiveness and the efficiency as well. Similar differences in mutagenic response 
have also been reported by Kharkwal (1998b), Dhanavel et al. (2008) and Mishra and Singh 
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(2014). It was opined that the sensitivity depends upon the genetic architecture and mutagens 
employed (Blixt, 1970) besides the amount of DNA, its replication time in initial stage and 
degree of heterochromatin. 
Mutagenic effectiveness showed a decreasing trend with an increase in 
concentrations/doses of mutagens in individual as well as in combination treatments in var. 
Mayuri, but it did not follow any trend in case of var. Niharika in gamma rays treatments, 
however highest effectiveness was observed at the lowest dose of gamma rays. Our findings 
are in agreement with the work of Gaikwad and Kothekar (2004), who had also noticed the 
intervarietal differences with respect to mutagenic effectiveness in different mutagens in Lens 
culinaris. Dose dependent decrease in mutagenic effectiveness has also been reported earlier 
by Jain et al. (2005) and Mishra and Khan (2014) in isabgol; Shah et al. (2008) in chickpea; 
Giri and Apparao (2011) in pigeon pea and Satpute and Fultambkar (2012) in soybean after 
treatments with physical and chemical mutagens. Higher effectiveness values at the lower 
concentrations/doses of EMS and gamma rays have been reported by Pavadai et al. (2009) 
and Khan and Tyagi (2010a) in soybean. Decline in mutagenic effectiveness recorded at 
higher doses shows that the increase in mutation rate was not proportional to the increase in 
the doses of mutagens and the biological damage as well. 
EMS proved to be more effective than gamma rays and combination treatments in 
both the varieties of isabgol. The greater effectiveness of EMS over gamma rays and their 
combination treatments has also been reported in mung bean (Singh, 2007a), chickpea (Shah 
et al., 2008),  urd bean (Thilagavathi and Mullainathan, 2009), soybean (Khan and Tyagi, 
2010a; Satpute and Fultambkar, 2012) and pea (Dhulgande et al., 2011). 
Mutagenic efficiency was estimated on the basis of inhibition in seed germination 
(Mf/R), seedling injury (Mf/I), lethality (Mf/L), pollen sterility (Mf/S) and meiotic 
aberrations (Mf/Me) and it was found that mutagenic efficiency varied depending upon the 
criteria selected for its estimation in both the varieties. It did not follow any particular trend 
(increasing or decreasing) in the mutagenic treatments. The degree of efficiency of mutagens 
in individual and in combination treatments also showed variations. Similar results were 
obtained in Plantago ovata (Jain et al., 2005) after gamma irradiation and Cicer arietinum 
(Wani, 2009) following treatments with EMS, gamma rays and their combinations. 
Generally, lower concentrations/doses of mutagens, in individual and in combination 
treatments, showed high mutagenic efficiency with some exceptions. Sharma et al. (2006) in 
urd bean and Sikder et al. (2013) in tomato also reported that the lower doses of mutagens 
were more efficient than the higher doses of EMS and gamma rays. According to 
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Panchabhaye (1997) and Khadke (2005), higher efficiency at lower concentrations/doses of 
the mutagens could be ascribed to the lesser percentage of damage at such doses. The greater 
efficiency at the lower and moderate doses of mutagens as observed in the present study may 
be due to the fact that the biological damage was (seedling injury, pollen sterility and meiotic 
abnormalities) generally increased with the enhancement in the dose at a higher rate than the 
mutations induced in M2 at the same dose (Konzak et al., 1965). In other words, lower or 
intermediate concentrations/doses cause relatively less damage enabling the organism to 
express the induced mutations successfully.  
Individual mutagenic treatments were generally found to be the more efficient than 
the combination treatments in both the varieties of isabgol. In case of variety Mayuri, EMS 
was found to be more efficient when efficiency was calculated on the basis of seedling injury, 
pollen fertility and meiotic aberrations, while with respect to inhibition in seed germination 
and lethality gamma rays were found to be more efficient. In var. Niharika, on the basis of all 
the selected criteria EMS showed the higher efficiency than the gamma rays and combination 
treatments. Such variations in mutagenic efficiency based on different criteria used has also 
been reported earlier by Dixit and Dubey (1986) in lentil, Geetha and Vaidyanathan (1997) in 
soybean, Kumar and Ratnam (2010) in sunflower and Mishra and Khan (2014) in isabgol. 
High efficiency of individual treatments may be due to the fact that the induced biological 
damage was much less as compared to mutation frequency in individual treatments than the 
combination treatments. Thus, the efficiency of mutagenic agents not only depends on the 
biological system but also on the degree to which physiological damage, chromosomal 
aberrations and sterility is induced in addition to mutations. 
The low efficiency of some mutagens has been attributed to the use of low 
concentrations/doses corresponding to their mutation induction, while higher efficiency of the 
mutagen indicates relatively less biological damage (seedling injury, sterility etc.) in relations 
to the mutations induced (Kharkwal, 1998b; Gaikwad and Kothekar, 2004). Higher mutagenic 
effectiveness and efficiency at lower concentrations/doses of EMS and gamma rays were 
observed by DS Kumar et al. (2003) and Waghmare and Mehra (2001). The present findings 
support the view of Kharkwal (1998b) in chickpea that the chemical mutagens are not only 
effective but also the efficient ones. Similar results were also obtained in fenugreek (Bashir et 
al., 2013c), horsegram (Kulkarni and Mogle (2013) and chickpea (Mullainathan and Umavati 
(2014). 
5.5. Morphological mutations 
Enhancement of spectrum and frequency of mutations in a predictable manner is an 
important goal of induced mutagenesis programmes for achieving desired plant characteristics 
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for the improvement of crop productivity. Present study has proved fruitful in this regard as a 
wide spectrum of morphological mutations has been induced after mutagenic treatments in 
isabgol. Such changes in macro mutants have the highest significance in plant breeding 
programmes because they may sometimes give a desired phenotype with improved characters.  
In the present study, in addition to chlorophyll mutations, a broad spectrum of 
morphological mutations was also observed on the careful screening of M2 population. These 
mutations affected almost all the parts of the plant, resulting into alteration of plant 
phenotype. The progenies of all these isolated mutants bred true for the altered traits in M3 
generation. Although most of the morphological mutants were uneconomical, nevertheless, 
some mutants could be used effectively as a source of many beneficial genes in cross 
breeding programmes or for the improvement of some quantitative traits (Khan et al., 2011) 
and may be useful in linkage and mapping studies as genetic markers (Gaur and Gour, 2003; 
Wattoo et al., 2012). 
The mutation spectrum differed not only in two varieties of isabgol but also within 
the variety in different mutagenic treatments, suggesting that both the varieties responded 
differently to the dose and type of mutagens employed. Many genetic differences though not 
determined experimentally may be expected between the two varieties. In fact, genetic 
differences as small as single gene difference even could bring about significant changes in 
mutagen sensitivity which influence not only the frequency but also the spectrum of 
recoverable mutations (Kharkwal, 1999). Thus, the ‘varietal mutability’ in the frequency and 
spectrum of induced mutations is largely affected by the genotype of the variety under 
definite mutagen treatment and treatment conditions (Kharkwal, 1999).  However, many 
similarities with respect to induced frequency of particular mutation were also noticed 
between two varieties. Based on the frequency of morphological mutations, var. Mayuri was 
proved to be more mutable variety, while var. Niharika showed comparatively less mutability. 
The genetic differences in the varieties under study with respect to spectrum and frequency of 
macromutations have also been reported earlier in chickpea (Kharkwal, 1998b; Shah et al., 
2011), urd bean (VP Singh et al., 1999), green gram (Mishra et al., 2013) and sesame  
(Bharathi et al., 2014). No relationship between treatment doses and mutation spectrum could 
be established. It is evident from the findings that the morphological mutants showed 
independent dose relationship with the mutagenic treatments as they occurred at random 
(Singh, 2006). 
Individual mutagenic treatments of EMS induced the highest frequency of mutations 
followed by combination and gamma rays treatments in both the varieties.  High frequency 
and broad spectrum of morphological mutants induced by chemical mutagens has been 
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reported in Hordeum vulgare (Thakur and Sethi, 1995), Cicer arietinum (Kharkwal, 1998b; 
Khan et al., 2004a), Lens culinaris (Solanki and Sharma, 1999b), Vigna mungo 
(Arulbalachandran and Mullainathan, 2009), Glycine max (Khan and Tyagi, 2010b) and 
Vigna unguiculata (Girija et al., 2013). This could also be due to differential modes of action 
of mutagens on different base sequences in various genes (Solanki and Sharma, 1999). 
Barshile et al. (2009) in chickpea and Sharma et al. (2010) in garden pea reported the high 
frequency of morphological mutations in EMS than the other mutagens. Mangaiyarkarasi et 
al. (2014) reported that the frequency of mutations was more in EMS than gamma rays. 
Relative differences in the mutability of genes, responible for different traits, to 
particular mutagens have also been observed in the present study as some of the mutant types 
appeared with higher frequencies in some mutagens. The more frequent induction of certain 
mutation types by a particular mutagen may be attributed to the fact that the genes controlling 
these traits are probably more responsive to that particular mutagen. Nilan (1967) concluded 
that different mutagens and treatment procedures may also change the relative proportion of 
different mutation types.   
Various investigations suggest that the possible cause of these macromutations may 
be chromosomal aberrations (Sparrow et al., 1961; Mary and Jayabalan, 1995), small 
deficiencies or duplications and most probably gene mutations (Singh et al., 1980) and 
chromosomal rearrangements of some favourable types (Bhat et al., 2006a). Kharkwal (2000) 
attributed these plant types mutations to the changes in the ‘major genes’. According to 
Gottschalk (1987) and Wani et al. (2011b), such mutants might be either a result of 
pleiotropic effects of mutated genes or chromosomal aberrations or gene mutations. Tyagi and 
Gupta (1991) reported that each gene which is of agronomic interest can mutate, hence a wide 
spectrum of viable mutants can be expected in mutation experiments. Several workers have 
reported that such viable mutant types were monogenic and recessive in nature and controlled 
by one or more recessive genes (Jana, 1963; Sharma and Sharma, 1979b; Reddy and Gupta, 
1988; VP Singh et al., 1999; Talukdar, 2009), however, Yadav and Singh (1988), Saini and 
Mahana (1989) and Thakur and Sethi (1993) reported most of these macromutations to be 
polygenic in nature. 
In addition to the single viable mutation, multiple mutations affecting two or more 
characters were also noticed in the present investigation. Patil (1966) attributed this 
phenomenon to either mutation of pleiotropic gene, mutation of gene clusters (each gene 
controlling a separate trait) or due to loss of chromosomal segments, while Gaul (1961) 
interpretate the occurrence of such mutants due to chromosomal re-arrangements or deletion. 
According to Sharma (1970), agents with higher mutagenic efficiency induce more multiple 
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mutations and such mutants may accumulate several desirable mutations within one plant. 
These types of mutations were also reported by Dube (1981) and Manivel and Saravanan 
(2010) in isabgol, Badere and Choudhary (2004) in linseed, Sharma et al. (2007, 2008) in urd 
bean and VA Kumar et al. (2009) in cowpea. 
In the present investigation, plant height was reduced to different magnitude in dwarf 
and semi dwarf mutants. Rai and Hanna (1990) opined that dwarfing gene(s) might become 
active during the early stages of plant development and could affect numerous other 
characters either pleiotropically or through linkage. According to Selim et al. (1974) and 
Nirmalakumari et al. (2008), reduction in plant height may be due to an increase in the 
production of active radicals that are responsible for lethality or due to chromosome 
aberrations. In this study, reduction in plant height may be due to the inhibition in auxin 
synthesis or due to chromosomal aberrations. Semi dwarf mutants were isolated by Singh 
(2006) in Oryza sativa and Bolbhat and Dhumal (2012) in Macrotyloma uniflorum, while 
dwarf mutants were earlier reported by Solanki (2005) in lentil, Khan and Tyagi (2010b) in 
soybean and Mishra and Singh (2014) in mung bean.  
Different types of growth habit mutants may be due to the cumulative effect of genes 
controlling growth and physiological process. Compact and spreading type growth habit 
mutants have also been isolated in mung bean (A Kumar et al., 2009), cluster bean (Velu et 
al., 2008) and horsegram (Kulkarni and Mogle, 2013). 
Various types of leaf mutants with altered shape (narrow and broad leaves) were 
recorded in both the varieties of isabgol. Such changes were attributed to the chromosomal 
breakage, disturbed auxin synthesis, disruption of mineral metabolism and accumulation of 
free amino acids (Sharma and Sharma, 1979b; Toker and Cagirgan, 2004). Tarar and 
Dnyansagar (1979) stated that the changes in the shape of leaves were due to the 
chromosomal aberrations induced by chemical mutagens and ionizing radiations. The leaf 
mutants obtained in this investigation in isabgol may be ascribed to the above cited reasons. 
The altered metabolism as a result of cellular damage may also be one of the reasons for leaf 
abnormalities. Dark green coloured leaf mutants as isolated in the present study may be due to 
the effect of mutagenic action on the genes responsible for chlorophyll develpement. Various 
types of leaf mutants have also been reported earlier in Plantago ovata (Lal et al., 1999; Lal 
and Sharma, 2002 and Jain et al., 2005) and Vigna mungo (Kumar et al., 2007; Bhosale and 
Hallale, 2011). 
Since spike initiation takes place through the sequence of events associated with 
profound changes in cellular as well as metabolic levels (Evans, 1975), variation in spike 
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morphology may be due to the effect of mutagens on the genes controlling sequence of events 
and physiological action responsible for the initiation of spikes and their development in 
isabgol. According to Lal and Sharma (2000, 2002), these types of inflorescence mutants are 
useful in genetic studies. Changes in spike morphology have also been reported earlier by Lal 
et al. (1999) and Lal and Sharma (2000, 2002) in isabgol. Singh (2007b), Mishra et al. (2013) 
and Mishra and Singh (2014) have also isolated modified inflorescence mutants in mung bean 
after gamma irradiation.  
A number of early maturing mutants were isolated at various mutagen treatments in 
two varieties of isabgol. In these mutants, earliness was combined with normal seed yield. 
Early mutants are highly desirable and very useful to reduce the crop duration and thus have a 
paramount role in crop improvement programmes. Early maturity mutants in isabgol may be 
useful to prevent the seed shattering from strong winds and occasional rain in summers. 
Sparrow (1966) attributed it to the disturbances in auxin balance with consequently reduced 
photoperiodic cycle. According to Gottschalk and Wolf (1983) early maturity may be due to 
the physiological, biochemical, enzymological and hormonal changes induced by the 
mutagens, while late maturity in plants was due to the genetic damage caused by the 
mutagens (Auti, 2005). The main reason attributed to late maturity were inadequate 
production of flowering hormones, physiological disturbances, enhanced production of floral 
inhibitors and reduced ability to respond to the floral stimulus in the shoot apex (Beveridge 
and Murfet, 1996). Same reasons may be attributed for early and late maturity mutants in 
isabgol. Early maturing mutant has been reported in isabgol by Manivel and Saravanan 
(2010). While in other crops, early and late maturing mutants were earlier repoted by Sharma 
and Kumar (2003) in Cicer arietinum, Senapati et al. (2008) in Vigna mungo and Nasare 
(2011) in Ocimum sanctum. 
In the present investigation a considerable frequency of high yielding mutants were 
also isolated in both the varieties following mutagenic treatments. These mutants exhibited 
more number of tillers and higher number of spikes per plant, thereby increasing the yield per 
plant. According to Auti (2005) and Bolbhat and Dhumal (2012) some unknown mechanism 
must be inducing the expression of yield controlling genes which are responsible to increase 
the yield. Same may be the reason for getting high yielding mutants in isabgol. These mutants 
can break the yield constrain of isabgol and hence could be exploited commercially after 
stabilization of the characters in subsequent generations. High yielding mutants have also 
reported earlier by Girhe and Chaudhary (2002) in grasspea, Basu et al. (2008) in fenugreek 
and Malek et al. (2012) in mustard.  
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The morphological mutants isolated in the present study included mutants with 
agronomically desirable features could possibly be utilized in the future breeding 
programmes. Besides, to test the genetic nature of the trait(s) concerned, segregation pattern 
of these mutants would be known after crossing them with their respective parents in the 
future study. Many morphological mutants, isolated in the present study, may not be useful 
for direct commercial cultivation because of the presence of some undesirable traits. 
However, these might be useful to plant breeders, as a source of many beneficial genes, in 
hybridization programmes. Though, it is not easy to eliminate the negative traits of the 
pleiotropic spectrum from the positive ones, the pleiotropic pattern of mutant gene can be 
altered to some extent by transferring it into a specific genotypic background (Sidorova, 
1981).  
5.6. Quantitative traits 
The success of plant breeding basically depends on the amount of variability available 
in a crop species. Induced mutations have proved to be a handy tool in this regard as the 
application of mutation techniques enhances the natural mutation rate resulting in the 
generation of  a vast amount of genetic variability and hence play a significant role in plant 
breeding by increasing the scope for obtaining the desired selections leading to crop 
improvement. The practical utility of induced mutations for polygenic traits is well 
established, since most of the economic characters in crop species are quantitatively inherited. 
Particularly induction of micromutations in polygenic system, controlling the quantitative 
characters is important for crop improvement. It is now quite clear that micromutations result 
in the release of considerable genetic variability in mutagen treated population.  
In the present study the mutagenic effects of various concentrations/doses of EMS, 
gamma rays and their combination were studied on days to flowering, plant height (cm), days 
to maturity, number of tillers per plant, number of spikes per plant, spike length (cm), 1000-
seed weight (g) and seed yield per plant (g). Assessment of  mean and coefficient of variation 
(C.V.%) in control as well as treated population indicated that mutagenic treatments have 
induced wider magnitude of variability in M1, M2 and M3 generations of two varieties of 
isabgol for all the quantitative traits under study.  
The mean days to flowering were increased and decreased in M1 generation with an 
increase in variability in both the mutagens applied individually as well as in combination in 
both the varieties of isabgol in the present studies. However, the flowering time reduced 
further in most of the treatments except some higher treatments in both the varieties and 0.1% 
EMS treatment in var. Niharika in M2 and M3 generations. The reduction in flowering time 
was noticed to be associated with the increase in variability indicated that variability has been 
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induced in desired direction and would offer the possibility for selecting early flowering 
mutants in such treatments. Flowering time was reduced significantly by 5 days in var. 
Mayuri and 4 days in var. Niharika. In this investigation, decrease in days to flowering in 
mutagenic treatments may be due to recessive mutation in genes at a locus controlling days to 
flowering (Kaul, 1980). Reduction in flowering time after mutagenic treatments has also been 
reported earlier by different workers (Waghmare and Mehra, 2000; Tah, 2006; Sri Devi and 
Mullainathan, 2012). Mittal et al. (1975) reported reduction in flowering time, while Lal and 
Sharma (2000,2002) reported delayed effect in this respect in isabgol. 
Plant height was decreased in all the mutagenic treatments with the increase in 
variability in both the varieties in M1 generation and this reduction was significant in most of 
the treatments and more pronounced mostly at the higher treatments. Considerable recovery 
in plant height was noticed in M2 and M3 generations, accompanied with the increasing 
variability as compared to controls. Ultimately, significant increase in plant height was found 
at some lower and intermediate treatments of the mutagens applied individually as well as in 
combination in M3 generation in both the varieties. Although, higher treatments still showed 
the significant reduction in plant height but the extent of reduction was low as compared to 
earlier generations. Our findings are in agreement with Singh et al. (2000), Arulbalachandran 
et al. (2009) and Sri Devi and Mullainathan (2012) in urd bean, Singh and Singh (2004) in 
okra and Sareen et al. (1999) in isabgol. Contrary to this, the reduction in plant height was 
also reported by many workers in different crops such as mung bean (Yaqoob and Rashid, 
2001; Tah, 2006; Wani et al., 2011b), urd bean (Senapati and Misra, 2009)) and isabgol 
(Sareen and Koul, 1991; Prabha et al., 2011). In case of isabgol, Sareen and Koul (1999) 
observed decrease in plant height in gamma irradiation, while in EMS increase was noticed at 
lower and intermediate treatments. Lal and Sharma (2000, 2002) mostly found reduction in 
plant height except some lower and intermediate doses of gamma rays in isabgol. The reasons 
discussed earlier in case of seedling height may also be responsible for the reduction in plant 
height. Since shoot growth is mainly due to cell elongation, whereas root growth depends 
upon the cell division (Sinha and Godward, 1972), enhancement in the growth of plant might 
have occurred due to stimulatory effect of mutagens on growth regulating substances 
responsible for cell division and cell elongation.  
A frequent breeding objective of induced mutations is to obtained early maturing 
varieties (Micke, 1979). The mean days to maturity showed increase as well as decrease in the 
treated population with the increase in variability in M1 generation in both the varieties. It was 
further reduced in M2 generation and reduction was noticed to be significant at some lower 
and intermediate treatments of mutagens except some higher treatments which increased the 
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maturity time, whereas, in M3 generation a complete significant negative trend was observed 
in all the mutagenic treatments in var. Mayuri, while in var. Niharika some higher treatments 
still showed delayed effect of mutagens. Data obtained on days to maturity in M3 generation 
resulted in a significant gain in reducing the maturity period by 7 days as compared to 
controls in both the varieties of isabgol. Yaqoob and Rashid (2001), Wang et al. (2003), 
Singh et al. (2006) and Jain and Khandelwal (2009) have also reported a significant reduction 
in days to maturity after mutagenic treatments in different crops. Variation in flowering and 
maturity period due to induced mutagenic treatments is generally considered to have a parallel 
relation but, in present investigation no correlation was found between flowering and maturity 
time. Tedin (1954) also reported that early flowering mutants are not early maturing. Early 
maturity mutants with normal flowering period have also been reported in different crops 
(Porsche, 1963). 
The shift in mean for number of tillers per plant was both towards positive as well as 
negative directions coupled with the increase in variability in the treated population in both 
the varieties of isabgol. However, in most of the treatments negative shift was found, positive 
shift was noticed at some lower and intermediate treatments of the mutagens in M1 generation 
of both the varieties. Mean values of tillers per plant increased in M2 generation, except at 
higher treatments of EMS and gamma rays when applied alone and in M3 generation there 
was a positive trend in almost all the mutagenic treatments in both the varieties (except 
45kR+0.6% combination treatment in var. Mayuri and 1.0% EMS treatment in var. Niharika), 
indicating mutations in positive direction for this trait. These results are in agreement with 
other workers (Mittal et al. 1975 and Bhagat and Hardas, 1980 in isabgol; Singh et al., 2000 
in urd bean; Mahla and Ramakrishna, 2002 in fennel; Nirmalakumari et al., 2008 in little 
millet and Khan et al., 2014 in rapeseed) who also reported an increase in mean number of 
branches or tillers after mutagenic treatments. Contrary to these results, in isabgol Prabha et 
al. (2011) observed decrease in number of tillers per plant following mutagenic treatments, 
Sareen and Koul (1991) and Sareen et al. (1999) recorded increase at lower and intermediate 
doses of gamma rays, Lal and Sharma (2000, 2002) noticed random increase and decrease in 
mean value. Sareen and Koul (1999) noticed enhancing effect at the highest concentration of 
EMS in this regard in isabgol. 
The number of spikes increased significantly in M1 and further in M2 and M3 
generations. However, the negative shift was also found in the mutagenic treatments but the 
extent of reduction was decreased in successive generations. In M3 generations, almost all the 
mutagenic treatments resulted in the significant increase in mean number of spikes per plant 
except 0.1% EMS treatment in var. Niharika. Increase in the number of spikes per plant was 
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coupled with the increase in variability suggesting scope of further selection for this trait. In 
isabgol, increase in mean number of spikes per plant was noticed by Mittal et al. (1975) and 
Bhagat and Hardas (1980), while Sareen et al. (1999) recorded decrease in mean values. Lal 
and Sharma (2000, 2002) noticed both increase and decrease randomly after irradiation, 
Sareen and Koul (1991) reported increase in mean values at lower and intermediate dose 
treatment of gamma rays, while Sareen and Koul (1999) observed enhancing effect at the 
highest dose of EMS. 
It has been noticed in the present investigation that the treatments which showed 
increase in number of fertile branches also showed the increase in the number of spikes per 
plant associated with an increase in variability, suggesting close correlation between these 
two traits. Such association of increased mean with high variability suggests scope for further 
improvement in these traits in the future generations. 
The different treatments of EMS, gamma rays and their combinations resulted in both 
increase as well as decrease in the mean values for spike length in M1 generation. However, 
mutagenic treatments did not make much alteration in the mean spike length in both the 
varieties, considerable recovery was noticed in M2 and M3 generations. In M3 generation, all 
the mutagenic treatments resulted in an increase in mean spike length (with exceptions at 
90kR gamma rays treatment in var. Mayuri and 1.0% EMS treatment in var. Niharika). The 
increase was quite more in var. Niharika as compared to var. Mayuri in most of the 
treatments. Mittal et al. (1975), Bhagat and Hardas (1980) and Sareen et al. (1999) also 
reported increase in spike length, while Lal and Sharma (2000, 2000) mostly observed 
reduction in mean with some exceptions following irradiation. 
In the present study, 1000-seed weight also showed the shift in mean values in both 
the directions in M1 generation. However, recovery was noticed in successive generations 
resulting in a significant increase in all the lower and intermediate treatments of EMS and 
gamma rays used either singly or in combination including some higher treatments also in 
both the varieties of isabgol. This character has been reported to be governed by a relatively 
less number of genes, unlike other polygenic traits (Ghose et al., 1960; Khan, 1990). Increase 
in mean values was due to the predominant incidence of favourable mutations in the treated 
population. Increase in seed weight coupled with increase in variability as observed in the 
present investigation indicating the possibilities of further selection for comparatively bold 
seeded genotypes in future generations. Increase in seed weight after mutagenic treatments 
has also been reported in triticale (Sinha and Joshi, 1986), urd bean (Singh et al., 2000) and 
fennel (Mahla and Ramkrishna, 2002). In isabgol, Mittal et al. (1975) reported that mean 
remained almost unchanged after gamma irradiation, while Prabha et al. (2011) noticed 
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increase in mean 1000-seed weight at some lower and intermediate mutagenic treatments of 
SA. 
Improvement in yield is one of the important goals of plant breeders. Seed yield is a 
complex trait and is influenced by many other quantitative traits such as number of tillers per 
plant, number of spikes per plant, spike length and 1000-seed weight. These traits play an 
important role in boosting the yield of a plant to a considerable extent. Relation of yield with 
other quantitative characters has also been studied earlier (Gottschalk and Kaul, 1975; Kaul 
and Garg, 1982 and Khan et al., 1999). In M1 generation, both the positive and negative shifts 
were noticed in seed yield with increase in the variability, but in M2 generation, significant 
increase in seed yield was attained in most of the lower and intermediate treatments of EMS 
and gamma rays employed alone or in combination. This increase in seed yield was continued 
further in M3 generation leading to a complete positive trend in the mean values of seed yield 
per plant with almost all the mutagen treatments in both the varieties except some higher 
treatments. Ultimately, the mean seed yield increased by 2.30g and 2.21g in var. Mayuri and 
var. Niharika respectively in M3 generation. Similar shift in mean seed yield towards the 
positive direction was observed by Mittal et al. (1975), Bhagat and Hardas (1980) and Sareen 
et al. (1999) in isabgol, Mahla and Ramkrishna (2002) in fennel, Selvam et al. (2010) in 
Vigna mungo, Khan et al. (2005) in Cicer arietinum, Tah (2006) in Vigna radiata and Giri et 
al. (2010) in Cajanus cajan. In the present investigation, increase in mean seed yield per plant 
may be due to the selection of normal looking plants in M1 and further in M2 and M3 which 
led to elimination of aberrant plants and also due to the changes induced at genetic level after 
mutagenic treatments. Moreover, increase in seed yield is also due to an increase in other 
yield contributing traits especially the number of tillers per plant and number of spikes per 
plant. Tickoo and Chandra (1999) in mung bean and Senapati and Datta (2004b) in sesame 
observed a decrease in seed yield in M2, which significantly increased over control in M3 
generation. Sareen and Koul (1991, 1999) noticed increase in mean value in most of the 
treatments, while Lal and Sharma (2000, 2002) reported random increase and decrease in 
mean seed yield per plant after mutagenic treatments. 
On perusal of the data, it was revealed that considerable amount of variability was 
induced in the mutagen treated populations in M1, M2 and M3 generations associated with 
both increase and decrease in the mean value of these quantitative traits as compared to their 
respective controls, which varied not only among different treatments but also from trait to 
trait. This indicates that different traits of the same variety exhibit different response to 
various mutagens. It is possible that each plant trait is mutagen specific. This was noticed in 
the traits like days to flowering, plant height, days to maturity, spikes per plant and 1000-seed 
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weight which showed low variability as compared to the traits like number of tillers per plant, 
spike length and seed yield per plant. A closer look on the data revealed that the lower or 
intermediate dose treatments of EMS, gamma rays and combination treatments induced 
positive mutations for most of the polygenic traits under study except for days to flowering 
and days to maturity where the reverse was true. Although no linear relationship was 
observed between the dose and mean values for all polygenic traits but varietal differences in 
terms of mutagenic response was clearly evident in the present study. Increase in the mean 
values of different quantitative traits could be attributed to two reasons. Firstly, the selection 
applied to normal looking plants in M1, M2 and M3 generations lead to elimination of plant 
carrying gross chromosomal abnormalities and other physiological damage. Secondly, the 
gradual recovery from the non-genetic mutagen damage could also attribute significantly to 
this improvement. Satyanarayana et al. (1993) in rice found increase in mean values of 
quantitative characters in M2 and M3 generations and explained this change as a consequence 
of elimination of inferior lethal genes as well as the fixation of favourable genes. Most of the 
quantitative traits have a complex genetic determination involving a large number of genes 
interacting with one another, consequently, variation in both the directions is expected. The 
inhibitory effects at high doses/concentrations leading to a decreased yield may also be due to 
prohibitory action of enzymes concerned with the initial growth processes and changes in the 
enzyme activity (Blixt et al., 1963) as well as pollen sterility and genetical and physiological 
alterations (Hakande, 1992).  
The results of the present study have revealed that all the mutagenic treatments 
exerted a promontory as well as inhibitory effect on various quantitative traits. The range of 
quantitative characters through induced mutations is random, bi-directional, causes heritable 
changes in polygenic system and the direction of the mutation depends upon the 
genotype/trait under study and the dose applied. This postulation was also reported by 
Waxman and Peck (2003) and Siddiqui et al. (2009). Enlargement in range of variability for 
yield and its attributes such as number of tillers per plant, number of spikes per plant, spike 
length and 1000-seed weight for the two varieties of isabgol in M1, M2 and M3 generations is 
indicative of the wider scope for selection. Although, the mutagen induced variations in crop 
plants is heritable, the relative value of this source of variation for use in crop improvement 
entirely depends upon the nature of mutation induced at polygenic level. It was also noticed 
that means remains almost unchanged although there is an increase in variance due to 
mutagenic treatments indicating bidirectional mutations (Upadhyaya and Singh, 1979; Rao, 
1974). It may be attributed to the equal proportion of favourable and unfavourable genes 
inducing equal frequency of mutations towards plus and minus directions and thus increase or 
decrease in the proportions of these genes would cause the shift in means towards positive 
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and negative directions in the treated populations. The differences observed for the induction 
of genetic variability in the present study may be due to the differences in the genetic make up 
of the varieties under study.  
5.7. High yielding mutants 
The high yielding mutants isolated in M3 generation revealed the considerable 
increase in yield and its contributing traits. The increase in number of tillers per plant, number 
of spikes per plant, spike length and 1000-seed weight were probably the main reasons of 
boosting the plant yield to such a great extent. In other words, these traits appeared to be 
highly correlated with yield. All the yield contributing traits in high yielding mutants also 
showed an increase in variability measured in terms of coefficient of variation, indicating that 
further improvement of these polygenic traits was possible in the subsequent generations.  
For selecting high yielding genotypes, the quality parameters like husk content, 
swelling factor and mucilage content, should also be given due attention for selecting a 
genotype of superior quality as well. All these isolated mutants of both the varieties, with 
some exceptions, showed an increase in all the quality parameters taken into consideration 
i.e., husk content, swelling factor and mucilage content, coupled with an increase in 
variability indicating probability of further improvement in future generations. Husk content 
was directly correlated to the seed yield and so increase in seed yield per plant also caused an 
increase in husk content per plant. Similar positive correlation between seed and husk yield in 
isabgol was also reported by Sivaneson and Ranwah (2009). The changes in the mean values 
of mucilage content may be due to the changes in the physiological process leading to its 
accumulation during seed development. Swelling factor and mucilage content did not show 
any correlation with the seed yield and husk content. However, the positive correlation 
between husk yield and swelling factor was reported by Sangwan et al. (1992) and Sivaneson 
and Ranwah (2009) in isabgol. The importance of domesticated Plantago ovata  seeds lies in 
the quality and quantity of the mucilage present in the superficial layers of seed coat and since 
mucilage form the most useful component of the seeds, the species are graded on the basis of 
their mucilage content (Sharma and Koul, 1986).  Contrary to this, Greenburg (1948) and 
Chandler (1954) made the use of swelling factor for the purpose of gradation, because of the 
general belief that it represents a true index of total mucilage content. If it is so, plants with 
higher swelling factor must contain the higher quantity of mucilage content also, but the data 
obtained on the swelling factor and mucilage content of the isolated mutants did not reveal 
this fact as the mutants which showed the highest swelling factor did not necessarily show the 
highest value of mucilage content and vise versa. These results indicate that the swelling 
factor and mucilage content do not correspond all the time. These results are in agreement 
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with Sharma and Koul (1986) who also noticed the similar finding during the comparison of 
the swelling factor and mucilage content of Plantago ovata and its wild allies. Greenburg 
(1948) also pointed out that different seed samples of the same species may vary in swelling 
factor while the mucilage content remains the same. These observations suggested that the 
swelling factor is a measure of the swelling property (of the mucilage) and does not reflect the 
mass of the mucilage (Sharma and Koul, 1986). 
Once the useful mutants are identified, its proper utilization in breeding programmes 
can only be achieved when its whole cytogenetic status is available (Chatterjee et al., 2011). 
Hence, the cytological studies were performed in isolated mutants of both the varieties, in 
order to determine the fact whether these phenotypic variation were associated with 
chromosomal changes or not.  
In brief, the present findings have revealed that all the mutagenic treatments used in 
the present study resulted in an increase in genetic variability of different quantitative traits, 
but lower and intermediate concentrations/doses of EMS (chemical mutagen) and γ rays 
(physical mutagen) proved to be more effective and efficient in increasing the mean values for 
various traits as well as and thus helpful in yield oriented selection in isabgol. The isolated 
mutants possess desirable plant architecture associated with high seed yield, higher husk 
content, mucilage content and swelling factor than their respective controls, can be evaluated 
in future generations and after multi-locational trials released as new varieties. Thus, the 
genetic variability induced by EMS, gamma rays and their combination treatments could 
effectively be exploited for the improvement of isabgol for yield and qualitative characters.  
Chapter 6
Summary
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CHAPTER - 6 
SUMMARY 
Plantago ovata Forsk. (Isabgol) is an important medicinal crop, having a long history 
of uses throughout the world. In India, the use of isabgol is as old as the Ayurvedic system of 
medicine. It is used in Allopathic, Ayurvedic as well as in Unani system of medicine since 
long time orally as well as externally.  
Despite lots of effort to improve the yield and quality of isabgol, there has been only 
limited success, due to the lack of sufficient genetic variability. Therefore, in the present 
study attempts have been made to evaluate the genetic variability for various quantitative 
traits and increase the yield potential of the crop by isolating promising mutants along with 
the study of other cyto-morphological effects following mutagenesis with individual and 
combination treatments of ethyl methane sulphonate (EMS) and gamma rays (γ rays) in M1, 
M2 and M3 generations of two varieties of isabgol i.e., var. Mayuri and var. Niharika. A total 
of 16 mutagenic treatments (6 each for individual treatments of EMS i.e., 0.1%, 0.2%, 0.4%, 
0.6%, 0.8%, 1.0% and gamma rays i.e., 15kR, 30kR, 45kR, 60kR, 75kR, 90kR and 4 
combination treatments i.e., 45kR+0.1%, 45kR+0.2%, 45kR+0.4%, 45kR+0.6%) selected on 
the basis of their LD50 values, were used for the studies. The various aspects of the present 
study were: 
1. To study the effect of different mutagenic treatments on various biological parameters in 
M1, M2 and M3 generations. 
2. To investigate the meiotic behaviour of chromosomes after various mutagenic treatments 
in M1, M2 and M3 generations. 
3. To estimate the frequency and spectrum of induced chlorophyll and morphological 
mutations in M2 generation. 
4. To compare the effectiveness and efficiency of mutagens in M2 generation. 
5. To determine the magnitude of genetic variability induced by mutagens in various 
quantitative traits in M1, M2 and M3 generations and their possible effect on the scope for 
improvement through selection. 
6. To enhance the yield potential by isolating promising lines in M2 and their evaluation in 
M3 generation with cytological studies. 
7. To evaluate the quality parameters like husk content, swelling factor and mucilage 
content in isolated promising mutant lines. 
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Significant findings of the study are summarized below: 
Various biological parameters i.e., seed germination (laboratory and in field), 
seedling height, pollen fertility and plant survival showed a dose dependent trend with the 
increasing concentrations/doses of the mutagens with the maximum inhibitory effects of 
combination treatments in both the varieties of isabgol. In case of individual mutagenic 
treatments gamma rays treatments showed more inhibitory effects than the EMS treatments 
for all the parameters except for seed germination and plant survival in var. Mayuri, for which 
the reverse was true. The gradual recovery was noticed in these biological parameters in M2 
and M3 generations as compared to M1 generation. Var. Mayuri was found to be more 
sensitive to the mutagenic treatments than the var. Niharika on the basis of the biological 
damage induced. 
 Cytological investigations of the treated population in M1, M2 and M3 generations 
revealed various types of chromosomal aberrations in two varieties of isabgol, such as 
univalents, multivalents, secondary association, stickiness, precocious separation, stray 
bivalents, forward chromosomes, unorientation, fragments, laggards, bridges, non-
synchronisation, unequal separation, disturbed polarity, multipolarity, tripolarity, micronuclei, 
multinucleate condition and cytomixis at various stages of cell division. The frequency of 
meiotic aberrations increased with the increase in concentrations/doses of the mutagens in 
both the varieties. Combination treatments were found to be most effective in inducing the 
maximum frequency of chromosomal aberrations followed by the gamma rays and EMS in 
M1, M2 and M3 generations. Generally, the frequency of meiotic aberrations was more at 
metaphase stages followed by the anaphase and telophase stages. The percentage of meiotic 
aberrations decreased gradually in the subsequent generations as compared to M1 generation 
and var. Mayuri was more sensitive as compare to var. Niharika in this regard. 
The spectrum of different chlorophyll mutants in two varieties of isabgol in M2 
generation includes xantha, striata, chlorina and virescence type of mutants, with the highest 
frequency of xantha and the lowest of virescence. Among all the chlorophyll mutants, xantha 
was always lethal (sometimes chlorina and striata also), while virescence was always viable 
and sets seeds normally. Chlorina and striata, whenever survived had low seed yield. The 
frequency of chlorophyll mutations was dose dependent and increased with the increasing 
concentrations/doses of the mutagens. Combination treatments induced the maximum 
frequency of these mutations followed by EMS and gamma rays in both the varieties. Var. 
Mayuri showed more chlorophyll mutations than the var. Niharika indicating its more 
sensitivity to mutagenic treatments. 
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Mutagenic effectiveness was calculated on the basis of chlorophyll mutation 
frequency in M2 generation and did not show any particular increasing or decreasing trend 
with the mutagenic treatments. EMS treatments showed the highest effectiveness followed by 
gamma rays and combination treatments in both the varieties of isabgol. Var. Mayuri showed 
high effectiveness than var. Niharika. 
Mutagenic efficiency was determined on the basis of five different criteria i.e., 
inhibition in seed germination (Mf/R), seedling injury (Mf/I), lethality (Mf/L), pollen sterility 
(Mf/S) and meiotic aberrations (Mf/Me). In both the varieties, like mutagenic effectiveness 
mutagenic efficiency also, did not necessarily show dose dependent increase or decrease in 
mutagenic treatments and seemed to be varying depending upon the criteria selected for its 
estimation. Lower concentrations/doses of mutagens, in general, showed high efficiency 
values with few exceptions in individual and in combination treatments. Gamma rays 
treatments showed higher efficiency than EMS and combination treatments on the basis of 
Mf/R and Mf/L and in this regard the order of mutagens was γ rays > EMS > γ rays+EMS in 
var. Mayuri, while on the basis of Mf/I and Mf/Me the order of mutagens was EMS > γ rays > 
γ rays+EMS and on the basis of Mf/S the order of mutagens was EMS > γ rays+EMS > γ rays 
in var. Mayuri.  In var. Niharika mutagenic efficiency, estimated on the basis of all selected 
criteria, was higher in EMS and the order of mutagens was EMS > γ rays > γ rays+EMS 
except for the Mf/S for which the order of mutagens was EMS > γ rays+EMS > γ rays. From 
the results, it is concluded that EMS was the most effective as well as efficient mutagen, when 
efficiency was estimated on the basis of seedling injury, pollen sterility and meiotic 
aberrations in var. Mayuri, while with respect to inhibition in seed germination and lethality, γ 
rays was found to be most efficient mutagen in this variety, whereas, in var. Niharika EMS 
was noticed to be most effective as well as efficient mutagen, with regard to all the criteria 
selected for the estimation of mutagenic efficiency. 
 The coefficient of interaction for various biological parameters in M1, M2 and M3 
generations and chlorophyll mutation frequency in M2 generation revealed less than additive 
effects. However, synergistic or more than additive effects were also obtained at the highest 
combination treatments for some biological parameters in different generations. 
 A wide range of morphological mutations affecting plant height, growth habit, leaf 
morphology, spike morphology, growth period and yield were identified in M2 generation. 
The frequency of these morphological mutants was higher in var. Mayuri as compared to var. 
Niharika. Among all the mutant types, mutations affecting spike morphology appeared more 
frequently followed by yield in both the varieties of isabgol with the single exception of 
combination treatments in var. Mayuri, where plant height mutations occurred with maximum 
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frequency after spike morphology mutants. EMS treatments induced the maximum frequency 
of morphological mutations followed by the combinations and gamma rays in two varieties. 
 Attempts were made to ascertain the effects of different mutagenic treatments on 
mean and coefficient of variation on various quantitative traits viz., days to flowering, plant 
height (cm), days to maturity, number of tillers per plant, number of spikes per plant, spike 
length (cm), 1000-seed weight (g) and seed yield per plant (g) in M1, M2 and M3 generations 
in two varieties of isabgol. For all the quantitative traits mean was shifted in both positive as 
well as negative directions in M1 generation. However, positive shifts, in general, were more 
pronounced at the lower and intermediate concentrations/doses of the mutagens except for 
days to flowering and days to maturity where the reverse was true, while in case of plant 
height a negative shift was found in all the mutagenic treatments in both the varieties. The 
shift in mean was coupled with increasing variability among the treated population measured 
in terms of coefficient of variation.   
 In M2 and M3 generation the mean values for these quantitative traits increased 
further in most of the mutagenic treatments leading to a significant positive shift for most of 
the traits under study (except for days to flowering and days to maturity where the situation 
was just reverse) resulting in boosting the seed yield per plant in the treated populations 
associated with increased variability. However, the negative shifts at higher treatments were 
also found to be significant in most of the cases. The extent of variability induced by the 
mutagenic treatments varied from trait to trait in M1, M2 and M3 generations in two varieties 
of isabgol.  
 Total 16 mutants lines (8 from var. Mayuri namely, Ma-A, Ma-B, Ma-C, Ma-D, Ma-
E, Ma-F, Ma-G and Ma-H and 6 from var. Niharika namely, Ni-A, Ni-B, Ni-C, Ni-D, Ni-E 
and Ni-F) were isolated in M2 generation on the basis of their yield performance and then 
evaluated in M3 generation. A considerable increase in the mean values for tillers per plant, 
spikes per plant, spike length and 1000-seed weight were noticed in the isolated mutants in 
M3 leading to a significant increase in the mean values for seed yield per plant. Increase in 
mean values for different quantitative traits in the isolated mutants was coupled with increase 
in variability for these traits, indicating possibilities for further improvement. Increase in 
tillers per plant and spikes per plant played significant role in boosting the seed yield to such 
extent in isolated mutants in M3 generation and thus consider to have a high selection value 
and breeding significance.  
 All the quality parameters such as husk content (g), swelling factor (ml/g) and 
mucilage content (mg) showed a significant improvement over their respective controls in all 
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the selected mutants with some exceptions. Coefficient of variation for these parameters also 
showed quite increase in different mutant lines suggesting that the improvement of these 
parameters through induced mutagenesis may sometimes be possible further. No correlation 
was observed among these parameters. However, husk content was directly correlated with 
the seed yield, but swelling factor and mucilage content did not show any correlation with 
seed yield. Cytological investigations of isolated mutants showed more or less similar meiotic 
aberrations as observed in the treated population of two varieties in different generations but 
in very less frequency. The present attempts with respect to isolation of high yielding mutants 
with improved quality parameters have been remarkably successful and it is an important 
achievement of this study. 
 From the results it reveals that morphological variations observed in the present study 
were due to the effect of mutagens at chromosomal or genic level leading to the physiological 
disturbances in metabolic activities or growth regulators (auxins and cytokinins) following 
mutations at DNA level. It can be presumed that wherever enzymes are involved there must 
be the involvement of genes, as the genes are expressed in the forms of proteins and enzymes. 
If there is any alteration at genic or base level, the mutation is detected. The occurrence of 
cytological irregularities clearly indicated that the mutagens have genotoxic effects and the 
mutants which survived after going through these stages were true genic mutants. With 
respect to quantitative traits, mutations have resulted in a significant increase in the mean 
values for these traits associated with increase in variability.  
In brief, it may be concluded that the lower and intermediate concentrations/doses of 
EMS, gamma rays and their combinations used in the present study were more effective and 
efficient in terms of the induction of morphological mutations as well as to maximize the 
mean values of different quantitative traits contributing towards the yield and thus can be 
exploited for the further selection of superior genotypes with improved quality and 
quantitative characters in Plantago ovata Forsk. Isolated mutants with desired plant 
architecture could be utilized for breaking the yield constraints in this otherwise conservative 
crop and to spread its cultivation away from its traditional areas of cultivation leading to 
increase in productivity.  
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